TITLE OF THE INVENTION 

COLOR SEPARATION INTO A PLURALITY OF INK 
COMPONENTS INCLUDING PRIMARY COLOR INK AND SPOT COLOR 
INK 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a color printing technique employing a 
plurality of inks. 

Description of the Related Art 

[0002] In recent years, color ink jet printers have come to enjoy widespread 
use as image output devices. A typical color ink jet printer employs, in 
addition to black (K) ink, several kinds of ink of the hues cyan C, magenta M, 
and yellow Y. Any color in a color image can be reproduced using these several 
kinds of ink. 

[0003] In a printer of this kind, ink amounts of each useable ink are 
determined according to an arbitrary color of the color image. Herein, the 
process of determining ink amount of each ink used in printing for color 
reproduction in this manner will be referred to as a "color separation process" 
or "ink color separation process." Relationships among color data of a color 
image and ink amounts of each color are pre -stored in a color conversion look 
up table (LUT); during printing, ink amounts of each color at each pixel 
position are determined with reference to the LUT (see, for example, JP10- 
191089A). 

[0004] Color reproduction by a particular printer is determined by the 
particular types of ink useable by the printer. Typically, any color can be 
reproduced by combining three chromatic primary color inks (e.g., cyan C, 
magenta M, and yellow Y). In some instances, spot color inks of different hues 
from these chromatic primary colors ink are used. "Spot color" refers to a color 
that can be separated into two chromatic primary colors. Where spot color 
inks are used, the range of color reproduction can be expanded. However, to 

- 1 - 

PF04J911US 



date, in instances where use of such chromatic primary color inks and spot 
color inks is possible, no feature has been devised whereby color separation 
may be performed in consideration of image graininess caused by spot color ink 
dots, or in consideration of graininess and ink savings. 

5 

SUMMARY OF THE INVENTION 

[0005] It is therefore an object of the present invention to perform color 
separation in consideration of image graininess caused by spot color ink dots 
when use of chromatic primary color inks and spot color inks is possible. 

10 [0006] The invention in a first aspect thereof provides a color separation 
method for determining ink quantity of each ink, in order to reproduce any 
color using a plurality of color inks on a printing medium. This method 
comprises the steps of (a) defining an ink set that includes as useable inks a 
plurality of chromatic primary color inks that, when used in combination, can 

15 reproduce achromatic color, and at least one spot color ink of hue different 
from any of the plurality of chromatic primary color inks; (b) where color 
reproduced on the print medium according to any one input color is termed 
"reproduction color", the combination of ink quantities in the ink set for 
reproducing the reproduction color on the print medium is termed the "color 

20 separation ink quantity set", and the color space representing ink quantities of 
the plurality of chromatic primary color inks as a base vector is termed the 
"chromatic primary color space", determining a plurality of reproduction colors 
to be reproduced on the print medium according to a plurality of input colors in 
the chromatic primary color space; and (c) determining a plurality of color 

25 separation ink quantity sets for reproducing the plurality of reproduction 
colors. The step (c) includes executing, for each reproduction color, the steps of 
(cl) calculating a lightness parameter correlated to lightness of the 
reproduction color; and (c2) adjusting the ink quantity of the spot color ink 
included in the color separation ink quantity set in accordance with the 

30 lightness parameter so that ink quantity decreases at a rate of change greater 
than the rate of change of the lightness parameter in the direction of 
increasing lightness. 
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[0007] According to this method, ink quantity of the spot color ink is 
adjusted so as to be reduced at a rate of change greater than the rate of change 
of the lightness parameter, whereby standing out of the spot color ink in 
lighter areas can be reduced, and graininess in the image improved. 
5 [0008] The invention in a second aspect thereof provides a color separation 
method for determining ink quantity of each ink, in order to reproduce any 
color using a plurality of color inks on a printing medium. This method 
comprises the steps of (a) defining an ink set that includes as useable inks a 
plurality of chromatic primary color inks that, when used in combination, can 

10 reproduce achromatic color, and at least one spot color ink of hue different 
from any of the plurality of chromatic primary color inks; (b) where color 
reproduced on the print medium according to any one input color is termed 
"reproduction color", the combination of ink quantities in the ink set for 
reproducing the reproduction color on the print medium is termed the "color 

15 separation ink quantity set", and the color space representing ink quantities of 
the plurality of chromatic primary color inks as a base vector is termed the 
"chromatic primary color space", determining a plurality of reproduction colors 
to be reproduced on the print medium according to a plurality of input colors in 
the chromatic primary color space; and (c) determining a plurality of color 

20 separation ink quantity sets for reproducing the plurality of reproduction 
colors. The proportion of actual ink quantity of the spot color ink to the 
maximum ink quantity of the spot color ink determined according to the 
reproduction color is termed "spot color ink usage rate." When the hue of the 
reproduction color is reproduced by means of a combination of one chromatic 

25 primary color ink and one spot color ink, the one chromatic primary color ink is 
termed the "primary color component ink", and the one spot color ink is termed 
the "spot color component ink." The step (c) includes executing, for each 
reproduction color, the steps of (cl) calculating a lightness parameter value 
correlated to lightness of the reproduction color; and (c2) providing first and 

30 second reproduction colors, the first and second reproduction colors having a 
lightness parameter value within a first high lightness range including a 
brightest portion of the lightness parameter value, the first and second 
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reproduction colors having a same primary color component ink, a same spot 
color component ink, and a same lightness parameter value, the first 
reproduction color having hue relatively close to that of the primary color 
component ink, the second reproduction color having hue relatively close to 
5 that of the spot color component ink; and determining ink quantity of the spot 
color ink included in the color separation ink quantity set so that a usage rate 
of the spot color ink for the second reproduction color is smaller than a usage 
rate of the spot color ink for the first reproduction color. 

[0009] According to this method, in bright image areas, the ink quantity of 

10 spot color ink is determined in such a way that the usage rate of spot color ink 
in areas of hue relatively close to the spot color ink is smaller than the usage 
rate of spot color ink in areas of hue relatively close to the chromatic primary 
color ink. Accordingly, in areas of hue relatively close to the spot color ink, the 
usage rate of spot color ink is lower, whereby standing out of the spot color ink 

15 in lighter areas can be reduced, and graininess in the image improved. In 
areas of hue relatively close to the chromatic primary color ink, the usage rate 
of spot color ink is higher, and ink quantities of the plurality of chromatic 
primary color inks are smaller, providing savings in the amounts of ink used. 
[0010] The present invention may take any of a number of different 

20 embodiments, for example, an image data conversion method and device, 
printing method and printing device, or color conversion lookup table creation 
method and device employing the color separation method; a computer 
program for realizing the functions of such methods or devices; a storage 
medium having such a computer program recorded thereon; a data signal 

25 containing such a computer program and embodied in a carrier wave, or the 
like. 

[0011] These another other objects, features, aspects, and advantages of the 
invention will be understood from the following description of the preferred 
embodiments with reference to the accompanying drawings. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Fig. 1 is a block diagram of a printing system arrangement. 

-4- 

PF04J911US 



[0013] Fig. 2 is a simplified schematic of printer 20. 

[0014] Fig. 3 is a block diagram of printer 20 arrangement. 

[0015] Fig. 4 illustrates ink nozzle arrangement on the lower face of print 

head 28. 

[0016] Figs. 5(a) -5(c) depict ink sets. 

[0017] Fig. 6 is a flowchart depicting the color reproduction processing 
routine. 

[0018] Fig. 7 depicts color patches. 

[0019] Fig. 8 is a flowchart depicting a color separation process processing 
routine. 

[0020] Fig. 9 is a flowchart depicting the processing routine for calculating a 

final color separation ink quantity set. 

[0021] Figs. 10(a), 10(b) show temporary ink quantities. 

[0022] Figs. 11(a), 11(b) are simplified illustrations of calculating final color 
separation ink quantity of spot color ink. 

[0023] Fig. 12 is a flowchart depicting a color separation process processing 
routine. 

[0024] Figs. 13(a) -13(c) depict a primary color space. 

[0025] Figs. 14(a), 14(b) are simplified illustrations of calculation of extended 
chromatic color. 

[0026] Fig. 15 is a flowchart depicting the processing routine for calculating 

a final color separation ink quantity set. 

[0027] Figs. 16(a), 16(b) show temporary ink quantities. 

[0028] Figs. 17(a) -17(d) are simplified illustrations of calculating final color 
separation ink quantities of spot color inks. 

[0029] Fig. 18 is a graph of the relationship between lightness and the 
proportion of temporary ink quantity versus maximum ink quantity. 
[0030] Fig. 19 is a flowchart depicting the processing routine for calculating 
a final color separation ink quantity set. 

[0031] Fig. 20 is a graph of the relationship between lightness and the 
proportion of limit value to the maximum value assumable by the spot color 
ink quantity parameter. 
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[0032] Figs. 21(a) -21(c) are simplified illustrations of calculating final color 
separation ink quantities of spot color inks. 

[0033] Fig. 22 is a flowchart depicting a color separation process processing 
routine. 

5 [0034] Fig. 23 is a flowchart depicting a color separation process processing 
routine. 

[0035] Fig. 24 is a flowchart depicting the processing routine for calculating 
a final color separation ink quantity set. 

[0036] Figs. 25(a) -25(e) illustrate relationships between spot color ink usage 
10 rate and ink quantities of other inks. 

[0037] Figs. 26(a), 26(b) show temporary ink quantities. 

[0038] Fig. 27 is a flowchart depicting the processing routine for calculating 

a final color separation ink quantity set. 

[0039] Figs. 28(a), 28(b) show temporary ink quantities. 
15 [0040] Fig. 29 is a graph of the relationship between lightness and the 

proportion of temporary ink quantity versus maximum ink quantity. 

[0041] Figs. 30(a) -30(c) illustrate another example of ink components. 

[0042] Figs. 31(a) -31(c) illustrate another example of ink components. 

[0043] Figs. 32(a) -32(c) illustrate another example of ink components. 
20 [0044] Figs. 33(a) 33(c) illustrate another example of ink components. 

[0045] Figs. 34(a) -34(c) illustrate another example of ink components. 

[0046] Figs. 35(a) -35(c) illustrate another example of ink components. 

[0047] Fig. 36 illustrates another example of ink components. 

[0048] Fig. 37 illustrates another example of ink components. 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0049] The embodiments of the invention are described hereinbelow, in the 
following order. 
A. Device Arrangement 
30 B. Method for Creating Color Conversion Lookup Table 
C. Embodiment 1 

CI. Example 1 of Color Separation Process in Embodiment 1 
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C2. Example 2 of Color Separation Process in Embodiment 1 

C3. Examples 1 -3 of Final Color Separation Ink Quantity Calculation 

Process in Embodiment 1 

C4. Example 3 of Color Separation Process in Embodiment 1 
5 D. Embodiment 2 

Dl. Example 1 of Color Separation Process in Embodiment 2 

D2. Examples 1 -3 of Final Color Separation Ink Quantity Calculation 

Process in Embodiment 2 

D3. Other Example of Color Separation Process in Embodiment 2 
10 E. Ink Set Variations 

F. Variations 

[0050] A. Device Arrangement- 
Fig. 1 is a block diagram showing the arrangement of a printing 
15 system in a first embodiment of the invention. This printing system comprises 
a computer 90 as a image data processing device, and a color printer 20 as a 
printer portion. Computer 90 and color printer 20 can together be termed a 
"printing device", in a broader sense. 

[0051] On computer 90, an application program 95 runs on a predetermined 
20 operating system. This operating system includes inter alia a video driver 91, 
and a printer driver 96; the application program 95 sends print data PD to 
printer 20 via these drivers. Application program 95, which performs 
functions such as image retouching, also performs desired processing of images 
to be processed, as well as displaying images on a CRT 21 via the video driver 
25 91. 

[0052] When the application program 95 issues a print command, the printer 
driver 96 of computer 90 receives image data from the application program 95, 
and converts this into print data PD to be supplied to the printer 20. In the 
example shown in Fig. 1, printer driver 96 includes a resolution conversion 
30 module 97, a color conversion module 98, a halftone module 99, a rasterizer 
100, and a color conversion lookup table LUT. 
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[0053] Resolution conversion module 97 has the function of converting the 
resolution (i.e. the number of pixels per unit of distance) of color image data 
produced by the application program 95 into print resolution. The resolution- 
converted image data is information for an image still composed of three color 
components RGB. Color conversion module 98, while making reference to the 
color conversion lookup table LUT, converts the RGB image data (input color 
image data) for each pixel into multitone data (second color image data) of a 
plurality of ink colors utilizable by the printer 20. 

[0054] The color-converted multitone data has gray level value for 256 tones, 
for example. Halftone module 99 executes a so-called "halftone" process to 
generate halftone image data. The halftone image data is arranged by 
rasterizer 100 in the order in which the data will be sent to the printer 20, for 
output as final print data PD. Print data PD includes raster data that 
indicates dot recording status during each main scan, and data that indicates 
sub scan feed distance. 

[0055] The printer driver 96 corresponds to a program for performing the 
function of generating print data PD. The program for performing the function 
of printer driver 96 is provided recorded in computer-readable form on a 
recording medium. Typical recording media include flexible disks; CD-ROM; 
magnetooptical disks; IC cards; ROM cartridges; punch cards; printed matter 
imprinted with symbols such as bar codes; computer internal storage devices 
(e.g. RAM, ROM or other type of memory) and external storage devices; and 
other such computer-readable storage media. 

[0056] Fig. 2 is a simplified schematic of printer 20. Printer 20 comprises a 
sub-scan feed mechanism for advancing printing paper PP in the sub -scanning 
direction by means of a paper feed motor 22; a main scan feed mechanism for 
reciprocating a carriage 30 in the axial direction of a platen 26 (i.e. main 
scanning direction) by means of a carriage motor 24; a head drive mechanism 
for driving a print head unit 60 carried on carriage 30, and controlling ink 
ejection and dot formation thereby; and a control circuit 40 for exchange 
signals with the paper feed motor 22, carriage motor 24, print head unit 60 
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and a control panel 32. The control circuit 40 is connected to computer 90 via a 
connector 56. 

[0057] The sub-scan feed mechanism for advancing print paper PP in the 
sub-scanning direction comprises a gear train (not shown) for transmitting 
5 rotation of the paper feed motor 22 to the platen 26 and paper feed rollers (not 
shown). The main scan feed mechanism for reciprocating the carriage 30 
comprises a slide rail 34 extending parallel to the axis of platen 26, for slidably 
retaining the carriage 30; a pulley 38 around which is passed an endless belt 
36 that extends to the carriage motor 24; and a position sensor 39 for sensing 

10 the home position of the carriage 30. 

[0058] Fig. 3 is a block diagram of the printer 20 arrangement, focusing on 
the control circuit 40. The control circuit 40 constitutes an arithmetic/logic 
circuit comprising a CPU 41, programmable ROM (PROM) 43, RAM 44, and a 
character generator (CG) for storing character dot matrices. The control 

15 circuit 40 additionally comprises a dedicated I/F circuit 50 dedicated 
exclusively to interface with external motors, etc.; a head drive circuit 52 
connected to the dedicated I/F circuit 50, for driving the print head unit 60 to 
eject ink; and a motor drive circuit 54 for actuating the paper feed motor 22 
and carriage motor 24. The dedicated I/F circuit 50 includes a parallel 

20 interface circuit allowing it to receive print data PD supplied by computer 90 
via connector 56. Circuitry within dedicated I/F circuit 50 is not limited to a 
parallel interface circuit; in view of ease of connection to computer 90, 
communication speed, etc., a universal serial bus interface circuit or the like 
could be used instead. Printer 20 executes printing in accordance with the 

25 print data PD. RAM 44 functions as a buffer memory for temporarily storing 
raster data. 

[0059] Print head unit 60 has a print head 28, and accommodates 
installation of ink cartridges containing compatible inks. Print head unit 60 
detachably installs onto printer 20 as a single unit. That is, to replace print 
30 head 28, the entire print head unit is replaced. 

[0060] Fig. 4 illustrates ink nozzle arrangement on the lower face of print 
head 28. On the lower face of print head 28 are arranged a nozzle group for 
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ejecting cyan ink C, a nozzle group for ejecting magenta ink M, a nozzle group 
for ejecting black ink K, a nozzle group for ejecting red ink R, a nozzle group 
for ejecting violet ink V, and a nozzle group for ejecting yellow ink Y. In this 
embodiment, it is possible to use an ink set composed of the six inks C, M, Y, R, 
V, and K. In the example of Fig. 4, the plurality of nozzles Nz of a single 
nozzle group are arranged in a line in the sub-scanning direction SS, but could 
instead be arranged in a zigzagged configuration. 

[0061] Fig. 5(a) depicts ink components of the C, My, Y, R, V and K color 
inks of the ink set. Each color ink is ion exchange water-based, containing 
various kinds of colorant consisting of dyes or pigments to impart the desired 
color, or a mixed solution additionally containing a suitable amount of ethylene 
glycol or the like added to modify viscosity. The type of colorant is indicated by 
the color index (CI) of the colorant. 

[0062] Cyan ink C, magenta ink M, and yellow ink Y may be used in 
combination to reproduce gray (achromatic color), and correspond to chromatic 
primary color inks. Red ink R and violet ink V are different in hue from any of 
the chromatic primary color inks (CMY), and correspond to spot color inks. 
The red ink R has a hue between those of the yellow ink Y and magenta ink M; 
the violet ink V has a hue between those of the magenta ink M and cyan ink C. 
[0063] Mixed colors of the chromatic primary color inks C, M, Y can 
reproduce hue and saturation substantially identical to the colors of the spot 
color inks R, V. Here, each ink quantity of chromatic primary color ink in a 
color mixture, relative to the ink quantity of a spot color ink, i.e., each ink 
quantity of chromatic primary color ink when the ink quantity of a spot color 
ink is designated as 1, is termed substitution ink quantity. Inks of each of the 
colors C, M, Y and inks of each of the colors R, V can reproduce substantially 
the same colors when substituted on the basis of substitution ink quantities. 
[0064] Figs. 5(b) and 5(c) each show an experimental result of measuring 
substitution ink quantities utilizing the ink set shown in Fig. 5(a). This 
experimental result was obtained by colorimetric measurement and 
comparison of a color patch created with a color mixture of the chromatic 
primary color inks C, M, Y with color patches of the spot color inks R, V 
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respectively. Fig. 5(b) gives substitution ink quantities for red ink R, with 
substitution ink quantities of the colors CMY being denoted by the symbols 
wCR, wMR, wYR. Fig. 5(c) gives substitution ink quantities for violet ink V, 
with substitution ink quantities of the colors CMY being denoted by the 
5 symbols wCV, wMV, wYV. In the right column of each table is given the total 
value of substitution ink quantities. 

[0065] In this way, substitution ink quantities for each of the spot color inks 
R, v are values in which two of the three ink quantities are greater than zero, 
with the one remaining ink quantity being zero. That is, each spot color ink R, 
10 V can be separated into two chromatic primary color components. In the ink 
set given in Figs. 5(a)~5(c), a color mixture of chromatic primary color inks can 
be substituted by a spot color ink, in an amount smaller than the total value 
for the ink quantities. As a result, by actively employing the spot color inks, it 
becomes possible to reproduce substantially identical hue and saturation with 

15 smaller quantities of ink. By reducing ink quantity it is also possible to 
reproduce higher lightness. Additionally, by employing a spot color ink in an 
ink quantity substantially equal to that of a chromatic primary color ink color 
mixture, it is possible to reproduce higher saturation. Thus, even where a 
limit is imposed on the total value of ink quantity used (i.e., an ink duty limit, 

20 described in detail later), by using a spot color ink, it is nevertheless possible 
to reproduce higher saturation than would be possible when reproduced with a 
chromatic primary color ink color mixture. By utilizing chromatic primary 
color ink and spot color ink in this way, it becomes possible to reproduce a 
wider range of color than would be reproducible with chromatic primary color 

25 inks only. 

[0066] The two spot color inks R, V also have hues different from one 
another. Additionally, these inks R, V have different principal component 
primary color inks from one another; the principal component primary color 
inks denote the two inks that have the largest values of the substitution ink 
30 quantities among the color inks CMY. In the example of Figs. 5(b) and 5(c), 
the principal component primary color inks of the red ink R are magenta ink M 
and yellow ink Y. The principal component primary color inks of the violet ink 
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V are cyan ink C and magenta ink M. In this example, the difference in the 
principal component primary color inks is the yellow ink Y and cyan ink C. As 
a result, the two spot color inks R, V can extend their color reproduction range 
in areas of mutually different hue. Thus, a wider range of color can be 
5 reproduced, as compared to the case where spot color inks of mutually similar 
hue are used. 

[0067] In the ink set shown in Fig. 5(a), the spot color inks R, V contain 
different colorant than the chromatic primary color inks C, M, Y. Thus, by 
using the spot color inks in place of color mixtures of the chromatic primary 
10 color inks C, M, Y, reproduction of hues similar to those of the spot color inks 
can be improved. 

[0068] Printer 20 having the hardware configuration described above 
advances the printer paper PP by means of the paper feed motor 22 while 
reciprocating the carriage 30 by means of the carriage motor 24, while at the 
15 same time actuating the piezo elements of print head 28 to eject drops of ink of 
each color, to produce ink dots and form a multicolor, multitone image on the 
printer paper PP. 

[0069] B. Method for Creating Color Conversion Lookup Table: 
20 Fig. 6 is a flowchart depicting the color reproduction processing 

routine in the first embodiment of the invention. In Steps S10 -S70, a color 
conversion lookup table LUT (Fig. l) is created for the purpose of carrying out 
color reproduction. 

[0070] First, in Step S10, one combination of a print medium and an ink set 
25 for use in printing is selected. It is assumed that for typical printing, one print 
medium selected by the user from among several types of print media (plain 
paper, gloss paper, matte paper etc.). In certain types of printer, the ink set to 
be used can be selected from among a number of types of ink set (for example, 
a dye ink set and a pigment ink set). Color reproduction of printed matter 
30 depends on the print medium and the ink set. Accordingly, in this 
embodiment, the processes of Steps S10 -S60 are executed for each 
combination of print medium and ink set, and a color conversion lookup table 
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LUT appropriate for each combination is created. The type of print medium 
and type of ink set assumed to be used in printer 20 are typically displayed on 
a screen (not shown) for setting the print parameters of the printer driver 96. 
[0071] In Step S20, a color separation process to convert a primary color tone 
5 value set expressed in a primary color system into a second tone value set 
expressed in a reproduction color system is executed. The primary color 
system is a color system represented by color ink quantities of the chromatic 
primary color inks CMY; the reproduction color system is a color system 
represented by ink quantities of the color inks used during printing. This 

10 primary color tone value set is composed of ink quantities of the each of the 
plurality of chromatic primary color inks C, M, Y. Ink quantities of the 
chromatic primary color inks C, M, Y are values representing a range from the 
minimum possible value (zero) to the maximum value (ink quantity 
reproducing a completely solid area) in 256 levels from 0 to 255, for example. 

15 In this embodiment, a solid area is reproduced by ejecting ink onto all pixels. 
Thus, ink quantity when reproducing such a solid area may be assigned a 
value of 100%. 

[0072] In this Step S20, first, a plurality of primary color tone value sets are 
prepared. Ink quantities of each of the chromatic primary color inks C, M, Y in 

20 these primary color tone value sets are preferably distributed over the entire 
possible range (0% -100%), and in especially preferred practice will be 
distributed uniformly throughout the entire range. As a plurality of value for 
ink quantity, it would be possible to use the eleven values of 0, 25, 50, 75, 100, 
125, 150, 175, 200, 225, and 255, for example. Apparent change in 

25 reproduction color versus the change in tone values of ink quantities may 
differ depending on ink tone value in some instances. In such instances, it is 
preferable to prepare ink quantities of inks using smaller intervals in the 
range of tone values that have greater apparent change in color. By so doing, 
it is possible to create a color conversion lookup table LUT corresponding to 

30 finer changes in apparent color change. 

[0073] Next, the plurality of primary color tone value sets are converted to 
second tone value sets expressed in the reproduction color system. The 
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reproduction color system is a color system represented by ink quantities of the 
ink set employed at the time of printing, for example, color ink quantities for 
the chromatic primary color inks CMY and the spot color inks RV. A second 
tone value set consists of values representing a range of minimum (0%) to the 
5 maximum (100%) possible for CMYRV color ink quantities, in 256 levels from 0 
to 255, for example. A detailed description of the color separation process from 
the primary color system to the reproduction color system will be made later. 
[0074] In Step S30, a plurality of kinds of color patches corresponding to the 
plurality of primary color tone value sets are created. Fig. 7 depicts exemplary 

1 0 color patches created in the embodiment. The vertical axis is the tone value of 
magenta ink M in the primary color tone value sets prepared in Step S20 
above; the horizontal axis is yellow ink Y tone value. Each color patch is 
reproduced by ink quantities derived by conversion of a tone value set 
according to the color separation process of Step S20. The example of Fig. 7 

1 5 shows a case in which the tone value for cyan ink C in the primary color tone 
value sets has been set to zero. In actual practice, a plurality of kinds of color 
patches corresponding to a plurality of tone values for cyan ink C would be 
created, but are not shown in the drawing. In this way, in Step S30, a 
plurality of kinds of color patches corresponding to the plurality of primary 

20 color tone value sets prepared in Step S20 are created. 

[0075] In Step S40 (Fig. 6), using a colorimeter, the plurality of color patches 
created in Step S30 are subjected to colorimetric measurement. The data 
obtained as a result of colorimetric measurement is expressed in a color system 
that is independent of any device (i.e., a printer, monitor, etc.), for example, 

25 the L*a*b color system or XYZ color system. In this way, by subjecting each 
color patch to colorimetric measurement in Step S40, it is possible to 
determine "primary color/device-independent color system correspondence 
relationships" for primary color systems and device -independent color systems. 
Also, as a result of colorimetric measurement it is possible to verify a color 

30 gamut reproducible by printer 20, in a device -independent color system. 

[0076] In Step S50, a correspondence relationship between an arbitrary first 
color system and a primary color system is established on the basis of the 
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"primary color/device-independent color system correspondence relationships" 
derived in Step S40. The first color system is the color system of input color 
image data of the color conversion lookup table LUT; the sRGB color system 
could be used, for example. "First color system/device -independent color 
5 system correspondence relationships" for such first color systems and device- 
independent color systems have been pre-established. Thus, employing the 
"first color system/device-independent color system correspondence 
relationships" and the "primary color/device -independent color system 
correspondence relationships" derived in Step S40, it is possible to establish a 

10 correspondence relationship between a first color system and a primary color 
system. The color reproduction range in the first color system and the color 
reproduction range of the printer may in some instances have non-overlapping 
portions. In such cases, preferred practice is to effectively utilize the entire 
gamut of each by establishing appropriately expanded or reduced 

15 correspondence relationships. 

[0077] Once a first correspondence relationship between a first color system 
and primary color system (Step S50) and a second correspondence relationship 
between a primary color system and a reproduction color system (Step S20) 
have been established in this way, in Step S60, a color conversion lookup table 

20 LUT (Fig. 1) for reproducing the established correspondence relationships is 
created. The color conversion lookup table LUT in this embodiment has RGB 
image data as input, and outputs multitone image data for the six ink colors 
shown in Fig. 4. Accordingly, when creating the color conversion lookup table 
LUT, first, a primary color tone value set, represented by CMY depending on 

25 tone values of the RGB image data, is calculated. Next, a second tone value 
set, i.e., ink quantity for each ink, depending on this first tone value set is 
determined by means of a color separation process, described later. 
Correspondence relationships having RGB image data values as input and ink 
quantity of each ink as output are then stored in the color conversion lookup 

30 table LUT. 

[0078] In Step S70 in Fig. 6, a decision is made as to whether the processes 
of Steps S10 -S60 have been completed for all combinations of ink set and print 
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medium assumed to be used by printer 20. In the event that not all processing 
has been completed, the processes of Steps S10 -S60 are repeated; if completed, 
the system moves to the next Step S80. 

[0079] In Step S80, the plurality of created color conversion lookup tables 
5 LUT are incorporated into printer driver 96 (Fig. l). Printer driver 96 is a 
computer program for realizing on computer 90 the function of creating print 
data PD to be sent to printer 20. Color conversion lookup tables LUT are 
installed together with printer driver 96 on computer 90, as data to which 
printer driver 96 refers. A printer driver 96 incorporating color conversion 

10 lookup tables LUT is typically provided by the vendor of the printer 20. 

[0080] In Step S90 in Fig. 6, the user executes printing using printer 20. At 
this time, a lookup table suitable for the particular combination of print 
medium and ink set used for actual printing is selected from among the color 
conversion lookup tables LUT for all combinations of print media and ink sets, 

15 and printing is executed. The combination of print medium and ink set used 
for actual printing is selected by the use from a screen (not shown) for setting 
print parameters of printer driver 96. 

[0081] C. Embodiment 1 

20 [0082] Cl: Example 1 of Color Separation Process in Embodiment l: 

Fig. 8 is a flowchart depicting the color separation process processing 
routine in Example 1. In this color separation process, a process to convert 
from a primary color system to a reproduction color system is executed. In 
Step S500 in Fig. 8, an ink set composed of the chromatic primary color inks C, 

25 M, Y and the spot color inks R, V as useable inks is established. 

[0083] In Step S510, a provisional color separation ink quantity set I(Cp, Mp, 
Yp, Rp, Vp) for reproducing on a print medium a reproduction color 
corresponding to an input color I(Ci, Mi, Yi) is calculated. In Example 1, it is 
assumed that input color I(Ci, Mi, Yi) matches a reproduction color to be 

30 reproduced. As there are innumerable color separation ink quantity sets that 
can give an arbitrary reproduction color, the provisional color separation ink 
quantity set is determined by establishing a certain specific condition. For 
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example, in this Example, the provisional color separation ink quantity set 
P(Cp, Mp, Yp, Rp, Vp) is determined so as to minimize total ink quantity. 
[0084] As depicted in Figs. 5(a)-5(c), a spot color ink color component may be 
separated into two chromatic primary color ink color components. Accordingly, 
5 total ink quantity is smaller the greater the ink quantity of spot color ink. The 
provisional color separation ink quantity set P of this Example is uniquely 
selected because it is that which, of all provisional color separation ink sets 
able to reproduce an input color I with a given reproduction color, has the 
smallest total ink quantity. As will be understood from other examples 
10 described later, the provisional color separation ink quantity set P may also be 
determined according to other criteria. 

[0085] In Step S520, a final color separation ink quantity set 0(Co, Mo, Yo, 
Ro, Vo) is determined on the basis of this provisional color separation ink 
quantity set P(Cp, Mp, Yp, Rp, Vp) (described in more detail later). In Step 
15 S530, a decision is made as to whether the processes of Steps S510, 520 have 
been completed for all reproduction colors needed to create a lookup table; the 
processes of Steps S510, 520 are repeated until processing for all reproduction 
colors has been completed. 

[0086] Fig. 9 is a flowchart depicting in detail the procedure of Step S520. In 
20 Step S600, two temporary ink quantities Rtmp, Vtmp for the two spot color 
inks R, V from provisional color separation ink quantity set P are determined. 
Fig. 10(a) is a graph for calculating a temporary ink quantity Rtmp from the 
provisional color separation ink quantity Rp of the red ink component R. Over 
a first range Rl in which provisional color separation ink quantity Rp goes 
25 from zero to a first value Rstart, temporary ink quantity Rtmp is set to zero. 
Over a second range R2 in which provisional color separation ink quantity Rp 
goes from the first value Rstart to a second value Rend, temporary ink 
quantity Rtmp rises from zero in linear fashion. However, over this second 
range R2, the temporary ink quantity Rtmp is maintained at a value smaller 
30 than the provisional color separation ink quantity Rp. Over a third range R3 
in which provisional color separation ink quantity Rp goes above the second 
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value Rend, temporary ink quantity Rtmp is set to a value equal to the 
provisional color separation ink quantity Rp. 

[0087] Fig. 10(b) is a graph for calculating the proportion k of temporary ink 
quantity Rtmp to provisional color separation ink quantity Rp. As will be 
5 understood from the graph, over the first range Rl proportion k is zero, with 
proportion k increasing monotonically from zero to 1 over the second range R2. 
Over the third range R3, proportion k is constant at 1. 

[0088] The reason for setting temporary ink quantity Rtmp in the manner of 
Figs. 10(a) and 10(b) is as follows. When provisional color separation ink 

10 quantity Rp is small, in most cases the image reproduced by the reproduction 
colors thereof is an image of a so-called highlight areas (high lightness areas). 
A feature of the spot color inks R, V is that their saturation and density are 
higher than those of the chromatic primary color inks. Since dots of spot color 
inks have higher saturation and density, they will tend to stand out in 

15 highlight areas, and may possibly worsen graininess in the image. Accordingly, 
the use of smaller ink quantity of spot color ink in highlight areas is preferable. 
Also, since reducing the ink quantity of spot color ink increases the ink 
quantity of chromatic primary color ink, the total number of ink dots increases. 
In this aspect as well, reducing ink quantity of spot color ink in highlight areas 

20 can improve graininess in an image. Accordingly, by setting ink quantity 
Rtmp of spot color ink to zero over the first range Rl of Fig. 10(a), formation of 
dots of spot color ink in highlight areas can be avoided. By so doing, it is 
possible to significantly improve image graininess in highlight areas. 
[0089] On the other hand, over the third range R3 in which provisional color 

25 separation ink quantity Rp is large, it is preferable for ink quantity of spot 
color ink to be larger so as to give high image saturation. Accordingly, over 
this range R3, provisional color separation ink quantity Rp per se is set as the 
temporary ink quantity Rtmp. In the second range R2, temporary ink 
quantity Rtmp increases in linear fashion, so that over the three ranges Rl -R3, 

30 temporary ink quantity Rtmp changes smoothly, rather than changing in 
stepwise fashion. Alternatively, temporary ink quantity Rtmp may change 
along a curve, instead of changing in linear fashion. Typically, it is preferable 
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for temporary ink quantity Rtmp to change continuously at a constant rate of 
increase. 

[0090] Since the red ink provisional color separation ink quantity Rp 
relating to a given reproduction color represents the density of the red ink 
5 component of that reproduction color, this ink quantity Ro can be thought of as 
an index indicating lightness in relation to the red ink component. When red 
ink provisional color separation ink quantity Rp relating to a given 
reproduction color is large, lightness of the reproduction color tends to be low. 
Accordingly, the provisional color separation ink quantity Rp can be thought of 
10 as a lightness parameter value correlated to lightness of the reproduction color. 
[0091] As regards violet ink V as well, a temporary ink quantity Vtmp can be 
determined from the provisional color separation ink quantity Vp, by the same 
method as for red ink R. 

[0092] In Step S610 in Fig. 9, final color separation ink quantities Ro, Vo are 
15 determined from temporary ink quantities Rtmp, Vtmp. The final color 
separation ink quantities Ro, Vo are determined by correcting the temporary 
ink quantities Rtmp, Vtmp as needed in order to meet ink duty limits. Herein, 
ink duty limit refers to a limit relating to ink quantity useable per unit of area 
of a print medium. Ink duty limits include ink- by-ink limits, limits as to total 
20 ink quantity for two kinds of ink, limits as to total ink quantity for all inks, or 
the like. 

[0093] When executing Step S610, first, temporary ink quantities for the 
chromatic primary color inks C, M, Y, which in conjunction with the temporary 
ink quantity pair Rtmp, Vtmp are needed to reproduce desired reproduction 
25 color, are calculated. A decision is then made as to whether the temporary ink 
quantity set meets ink duty limits. 

[0094] Fig. 11(a) depicts an exemplary permissible ink duty limit range RA 
drawn on a two-dimensional color space defined by two spot color inks R, V. In 
the drawing are also shown an exemplary coordinate point P(Rp, Vp) of a 
30 provisional color separation ink quantity pair and coordinate point Prv(Rtmp, 
Vtmp) of a temporary ink quantity pair. Outside edges of the permissible area 
RA are defined not only by boundary lines determined by independent duty 
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limits for the spot color inks, but also by boundary lines determined by duty 
limits for other inks. For example, boundary line LRVM1 at the lower left of 
permissible area RA corresponds to the ink duty limit for magenta ink. As 
described in Figs. 5(a)-5(c), the two spot color inks each include a magenta 
5 component, and thus if ink quantities of the spot color inks are reduced, the 
ink quantity of magenta ink M will increase. Accordingly, in order to meet the 
duty limit for magenta ink M, ink quantities of the spot color inks must be to 
the right of and above the boundary line LRVM1. As will be understood from 
the preceding description, the issue of whether ink duty limits are met takes 
10 into consideration ink quantities of all inks that make up an ink set. For 
convenience, in the description hereinbelow, it will be assumed that all ink 
duty limits are met when the temporary ink quantity pair Rtmp, Vtmp lie 
within permissible area RA. 

[0095] Where the color coordinate point Prv of a temporary ink quantity pair 

15 lies within permissible area RA as shown in Fig. 11(a), the temporary ink 
quantity pair Rtmp, Vtmp per se is adopted as the final color separation ink 
quantity pair Ro, Vo. On the other hand, where the coordinate point Prv of a 
temporary ink quantity pair color falls outside permissible area RA as shown 
in Fig. 11(b), the final color separation ink quantity pair Ro, Vo is determined 

20 by means of correcting the temporary ink quantity pair Rtmp, Vtmp so as to 
meet ink duty limits. At this time, a point located within the permissible area 
RA of the two-dimensional color space, and situated in proximity to the color 
coordinate point Prv of the temporary ink quantity pair, is selected as the color 
coordinate point of the final color separation ink quantity pair Ro, Vo. In the 

25 example depicted in Fig. 11(b), there are drawn three such points Oa, Ob, Oc 
that could be selected as such a color coordinate point of the final color 
separation ink quantity pair. The first point Oa(Ro, Vo) is a point that 
equalizes the ratio of the temporary ink quantity pair Rtmp^Vtmp with the 
ratio of the final color separation ink quantity pair Ro^Vo. The second point 

30 Ob is a point at which a straight line connecting the color coordinate point P of 
the provisional color separation ink quantity pair (Rp, Vp) with the color 
coordinate point Prv of the temporary ink quantity pair intersects a boundary 
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line of the permissible area RA. The third point Oc is the point closest to the 
color coordinate point Prv of the temporary ink quantity pair within the 
permissible area RA. 

[0096] While any of these three points Oa, Ob, Oc could be selected as the 
5 color coordinate point of the final color separation ink quantity pair, selecting 
the first point Oa is especially preferred. The reason is that since the 
temporary ink quantity pair Rtmp, Vtmp is determined according to the 
relationships of Figs. 10(a) and 10(b) by way of preferred ink quantities for 
improving graininess in an image, if the ratio thereof Rtmp: Vtmp i s 
10 maintained, it is possible to achieve a good balance whereby dots of neither of 
the two spot color inks will stand out, with resultant high probability of being 
able to improve graininess in the image. 

[0097] Further, since ink duty limits function as limits only when the 
quantity of ink producing an image is considerable, they are a problem mainly 

15 in image areas of low lightness (i.e., image areas of high density). Accordingly, 
in highlight areas having high lightness, ink duty limits are not a problem, 
and temporary ink quantities Rtmp, Vtmp established on the basis of the 
relationships of Figs. 10(a) and 10(b) are adopted per se as the final color 
separation ink quantities Ro, Vo. Accordingly, since the number of ink dots of 

20 the spot color inks R, V in highlight areas is fairly small, it is possible to 
improve graininess in the image. 

[0098] In Step S620 in Fig. 9 are determined ink quantities Co, Mo, Yo for 
the other inks which, in conjunction with the final color separation ink 
quantity pair Ro, Vo, are needed to reproduce desired reproduction color. As a 
25 result, a final color separation ink quantity set (Co, Mo, Yo, Ro, Vo) for 
reproducing desired reproduction color is determined. 

[0099] In this way, in Example 1, for each of the spot color inks R, V, final 
color separation ink quantity Ro, Vo is smaller in association with smaller 
lightness parameter values (provisional color separation ink quantities) Rp, Vp 
30 thereof, whereby numbers of ink dots of the spot color inks is reduced in 
highlight areas, with a corresponding increase in the number of ink dots of the 
chromatic primary color inks. A resultant advantage is that image graininess 
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in highlight areas is improved. In particular, since over a first range Rl (Fig. 
10(a)) in which provisional color separation ink quantities Rp, Vp assume 
relatively small values, temporary ink quantities Rtmp, Vtmp are set to zero, 
in highlight areas final color separation ink quantities Ro, Vo will also be set to 
5 zero, significantly improving image graininess. However, it would also be 
possible to set temporary ink quantities Rtmp, Vtmp to relatively small, non- 
zero values over this first range Rl. 

[0100] C2. Example 2 of Color Separation Process in Embodiment l: 

10 Fig. 12 is a flowchart depicting a processing routine in a second 

Example. In Example 1 described previously, primary color system input 
values per se are employed as the reproduction colors (the colors of the 
reproduction color system); in Example 2, however, colors of higher saturation 
than input colors are employed as the reproduction colors. The reason this is 

15 possible lies in the fact that the spot color inks R, V included in the 
reproduction color system can achieve higher levels of saturation as regards to 
red color and violet color than color mixtures of chromatic primary color inks. 
[0101] In Step S100 in Fig. 12, an ink set composed of the chromatic primary 
color inks C, M, Y and the spot color inks R, V as useable inks is established. 

20 [0102] Next, in Step Si 10, an ink duty limit, which limits ink quantity, is 
established for each color of the ink set. Ink duty limit is established with 
reference to type of ink and print medium (described in detail later). 
[0103] Input colors in the primary color space are represented using tone 
values in the possible range (0% -100%) for CMY color ink quantities, in 256 

25 levels from 0 to 255. The color separation ink quantity set in the reproduction 
color system is represented using tone values in the possible range (0% -100%) 
for CMYRV color ink quantities, in 256 levels from 0 to 255. 

[0104] Figs. 13(a), (b) depict a primary color space having CMY color ink 
quantities as base vectors. Colors expressed in the primary color space are 
30 depicted as points of a cube represented by CMY tone values of 0 -255 in the 
primary color space. The cube is the area of values that can be assumed by ink 
quantities of the CMY colors of the chromatic primary color inks. Hereinafter, 
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this cube will be referred to as a "color solid", and, of the six faces of the color 
solid, the three faces facing the origin W (the three faces surrounding K(C = M 
= Y = 100%)) will be termed type 1 outer shell planes. In other words, type 1 
outer shell planes are composed of points of colors having at least one 
5 chromatic primary color ink quantity that is at 100%, and having at least one 
chromatic primary color ink quantity that is at less than 100%. Where the line 
connecting the origin W with point K is termed a "achromatic color line", the 
distance between any particular point in the primary color space and the 
achromatic color line can be used as an index of saturation of the particular 

10 point. Where a point projected on the achromatic color ling from the particular 
point is termed a "projection point", the distance between the projection point 
and the origin W can be used as an index of lightness of the particular point. 
The direction from the projection point to the particular point in the primary 
color space can be used as an indicator of hue of the particular point. 

15 [0105] In Figs. 13(a), 13(b), the type 1 outer shell plane having Y at 
maximum (Y = 255) is depicted with hatching. A single color m is noted on the 
hatched type 1 outer shell plane. This color m is established as the outermost 
shell chromatic color m in Step S120 of Fig. 12. In the example of Figs. 13(a), 
13(b), outermost shell chromatic color m is established on the outer shell plane 

20 having the Y component at maximum, with tone values for the colors CMY 
designated, in CMY order, as Cm, Mm, and Ym (in this example, Ym = 255). 
[0106] In the color separation process of this Example, by sequentially 
executing the processes of Steps S130 -S150 described later, it is possible to 
derive a color separation ink quantity set associated with an input color I on a 

25 line connected the origin W with the outermost shell chromatic color m. Also, 
in this Example, in order to execute color separation processing for a plurality 
of input colors I, a plurality of outermost shell chromatic colors are provided, 
and a series of processes (S130 -S 150) is executed on each outermost shell 
chromatic color. 

30 [0107] In Step S130 in Fig. 12, there is also calculated an extended 
chromatic color em situated on the outer shell of the gamut reproducible using 
the CMYRV color inks of the ink set (Fig. 13(b)). 
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[0108] Figs. 14(a) and 14(b) show calculation of extended chromatic color em. 
In the example of Figs. 14(a) and 14(b), in order to simplify the description, it 
is assumed that two types of ink, namely, cyan ink C and magenta ink M, are 
useable as chromatic primary color inks, and one type of ink, namely violet ink 
5 V, is useable as spot color ink. 

[0109] Fig. 14(a) depicts a primary color space. In this example, CMV color 
tone values can assume values in the range 0 -100. Thus, an input color 
expressed in the primary color space is represented as a point inside a square 
whose sides have length of 100. This square corresponds to the color solid 

10 described earlier. In the drawing, the type 1 outermost shell OLl of the 
square is denoted by a thick line. This type 1 outermost shell OLl corresponds 
to the type 1 outermost shell described earlier. On a line on which the cyan C 
of type 1 outermost shell OLl is at maximum (C = 100) there is established an 
outermost shell chromatic color m. 

15 [0110] Fig. 14(b) depicts the range of possible values for hypothetical ink 
quantities for each color, when colors reproducible using a spot color ink V in 
addition to chromatic primary color inks CM are expressed in a primary color 
system. Here, it is assumed that a LI mixture of cyan ink C and magenta ink 
M can reproduce substantially identical hue and saturation as an violet ink V 

20 in an equal amount. That is, for both cyan ink C and magenta ink M, ink 
quantity substitutable for violet ink V is 1. For example, color Pi in Fig. 14(b) 
is the color reproducible when CM color tone values are each 100. It is also 
possible to reproduce substantially the same color by substituting a V tone 
value for CM color tone values. For example, even if only the tone value of V is 

25 100, i.e., a V tone value is substituted for all CM color tone values, it is 
nevertheless possible to reproduce substantially the same color. Here, the tone 
value obtained by substituting tone values of chromatic primary color inks CM 
for all tone values of spot color ink V (in this example, C =100, M = 100) can be 
used as a hypothetical tone value for representing in a primary color space 

30 colors reproducible using the colors CMV. 

[01 11] In this example, the following limitations are imposed with regard to 
tone value of each ink. 
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[0112] 

(Condition 1-a) Tone value of each ink is 80 or less. 
(Condition 1-b) The sum of the tone values of the inks is 200 or less. 
[0113] Limitations imposed on tone values by Conditions 1-a, 1-b can be 
5 explained as follows. Basically, there is a limit as the quantity of ink that can 
be absorbed by a print medium per unit of area. If a quantity of ink in excess 
of this limit is ejected, the unabsorbed excess ink may produce bleeding, or 
wrinkling of the print medium. Thus, it is desirable to establish a limit for ink 
quantity used. Such an upper limit for ink quantity, i.e. upper limit as to tone 

10 value, is termed the ink duty limit. In some instances, appropriate values for 
ink duty limit will differ depending on the type of ink. In such instances, 
picture quality of printed images can be improved by establishing a different 
limit value for each color. By establishing a limit value for the sum of the tone 
values of inks of each color (i.e. the sum of ink quantities), as does Condition 1- 

15 b, it is possible to avoid ejection of ink in a quantity exceeding the ink 
absorbing capacity of the print medium. Additionally, it is preferable to 
establish a limit value for the sum of ink quantities of any two types of ink, for 
areas that are reproduced by two-color mixtures. It is also is preferable to 
establish a limit value for the sum of quantities of many types of ink. By 

20 varying these limit values according to the type of print medium, it is possible 
to improve picture quality of a printed image depending on the type of print 
medium. 

[0114] Such ink duty limits are represented in terms of tone values for the 
colors of the useable inks CMV, but could instead be expressed in a primary 

25 color space by using hypothetical tone values for each of the colors CM derived 
using substitution ink quantities. In the example of Fig. 14(b), since ink duty 
limit relationships among the CMV colors are represented linearly, they are 
represented as straight lines in the primary color space. Thus, the area in 
which reproduction is possible using inks of the CMV colors within ranges that 

30 satisfy ink duty limits is shown as an area enclosed by straight lines that 
correspond to the ink duty limits. In Fig. 14(b), straight line LC is the straight 
line for which C = 80. The fact that it is sloped with respect to the C axis is 
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because the use of violet ink V will allow the hypothetical tone values of the 
CM colors to have greater values. Thus, the area meeting the condition C < 80 
lies to the inside of this straight line LC. Straight line LCV is the straight line 
for which C + V = 160. This straight line corresponds to the limit C + V < 160, 
5 derived from the two limits C < 80 and V < 80. The area meeting the condition 
C + V < 160 lies to the inside of this straight line LCV. 

[0115] The intersection point P2 of straight lines LC and LCV represents a C 
tone value of 160 and a M tone value of 80. Since this color P2, in terms of the 
tone value of C, does not fulfill ink duty limits (Condition 1-a), it cannot be 

10 reproduced when only inks of the two colors CM are used. Here, of the tone 
values for the colors CM, the value of 80 is converted to a V tone value, 
whereupon tone values for the colors CMV, i.e. color separation ink quantities, 
become 80, 0, 80, so that ink duty limits are met. That is, color P2 can be 
reproduced using chromatic primary color inks CM and spot color ink V. 

15 [0116] Also depicted in Fig. 14(b) are the following straight lines 
corresponding to ink duty limits. Straight line LCMV is the straight line for 
which C + M + V = 200, straight line LMV is the straight line for which M + V 
= 160, and straight line LM is the straight line for which M = 80. As a result, 
color within area A enclosed by these straight lines is a color that meets ink 

20 duty limits, and that is reproducible using spot color ink V. That is, where a 
hypothetical tone value derived by substituting chromatic primary color ink for 
spot color ink tone value lies within area A, it can be reproduced using 
chromatic primary color ink and spot color ink. 

[0117] Distances between the origin W and these straight lines LCV, LCMV, 
25 LMV are values that vary depending on substitution ink quantity of spot color 
ink. That is, the greater substitution ink quantity is, the greater the distance 
between the origin W and the straight line corresponding to each ink duty 
limit. As a result, greater substitution ink quantity means a larger area 
reproducible using chromatic primary color ink and spot color ink. Thus, from 
30 the standpoint of extending reproducible area, a total value for substitution 
ink quantity of greater than 1 is preferred, with 1.5 or above being especially 
preferred. In the example of Fig. 14(b), the substitution ink quantity of violet 
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ink V is 1 for each of the colors CM, so total substitution ink quantity is 2. In 
the example of the ink set of Figs. 5(b) and 5(c), red ink R substitution ink 
quantities, in the order CMY, are 0.0, 0.71, and 2.86, for a total of 3.57. Violet 
ink V substitution ink quantities, in the order CMY, are 0.68, 2.89, and 0.0, for 
5 a total of 3.57. Since each of the totals of substitution ink quantities of the two 
inks RV is above 1.5, a wider color reproduction range can be obtained through 
the use of these inks R, V. Where the total of substitution ink quantities of 
chromatic primary color inks is greater than 1, spot color ink, used in an ink 
quantity about equal to that of a chromatic primary color ink color mixture, 
10 makes it possible to reproduce high color saturation. By so doing, through the 
use of chromatic primary color ink and spot color ink, it is possible to 
reproduce a wider range of color than is reproducible using chromatic primary 
color inks alone. 

[0118] The outer shell in an area meeting ink duty limits in this way is 

15 referred to herein as a "reproduction color outer shell plane". While a 
reproduction color outer shell plane is represented by a reproduction color 
system for ink quantities of an ink set, it could be mapped into a primary color 
system by substituting ink quantities of chromatic primary color ink for ink 
quantities of spot color inks according to substitution ink quantities. In the 

20 example of Fig. 14(b), an outer shell line OL2 constituting the outer shell of 
area A corresponds to a reproduction color outer shell plane when mapped to a 
primary color system (hereinafter, outer shell line OL2 will be referred to as 
reproduction color outer shell line OL2). As regards the condition that V < 80, 
since this condition is met anywhere within area A, a corresponding straight 

25 line diagram is not shown. 

[0119] In Fig. 14(b), area A is shown hatched, and reproduction color outer 
shell line OL2 is depicted as a thick line. An extended chromatic color em is 
established on reproduction color outer shell line OL2. Extended chromatic 
color em is a color located on the intersection point of reproduction color outer 

30 shell line OL2 with a line segment passing through the origin W and the 
outermost shell chromatic color m. That is, the extended chromatic color em is 
a color represented by the longest extended chromatic color vector having the 
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same direction as the outermost shell chromatic color vector representing the 
outermost shell chromatic color m in the primary color space; furthermore an 
outermost shell color separation ink quantity set for reproducing the extended 
chromatic color em lies within ink duty limits. 
5 [0120] Extended chromatic color described above can be established in the 
same manner as when increasing the number of kinds of ink. Fig. 13(b) shows 
extended chromatic color em in a primary color space based on ink quantities 
of the colors CMY. Extended chromatic color em is a color reproducible using 
chromatic primary color inks C, M, Y and spot color inks R, V. 

10 [0121] Here, hypothetical tone values for reproducing extended chromatic 
# color em in the primary color space are designated CDem, MDem, and YDem, 
in the color order CMY. Ink quantities of the color separation ink quantity set 
corresponding to the extended chromatic color em (this set corresponds to the 
outermost shell color separation ink quantity set) are designated Cem, Mem, 

15 Yem, Rem, and Vem in the order CMYRV. Thus, the hypothetical CMY tone 
values CDem, MDem, YDem can be represented by the following equations, 
using the substitution ink quantities indicated in Figs. 5(b) and 5(c). 
[0122] 

[Equation l-l] 

CDem = Cem + wCR x Rein + wCV x Vem 
20 MDem = Mem + wMR x Rem + wMV x Vem 

YDem = Yem + wYR x Rem + wYV x Vem 

[0123] In this Example, the extended chromatic color em is calculated so 
that the outermost shell color separation ink quantities Cem, Mem, Yem, Rem, 
and Vem meet the following conditions. 
[0124] 

25 (Condition l-l) The CMYRV color separation ink quantity set meets ink 
duty limits. 

[0125] As ink duty limits, there may be established, for example, a limit as 
to the total ink quantity of all inks; limits as to ink quantities of individual 
inks; limits as to ink quantities for color mixtures of two colors, or the like. 
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[0126] A limit as to the total ink quantity of all inks may be given by the 

following equation, for example. 

[0127] 

[Equation 1-2] 
5 C + M + Y + R + V<Duty_T 

[0128] In the Equation, C, M, Y, R and V respectively represent ink 
quantities of the colors CMYRV (this convention is also used in other equations 
hereinbelow). Duty_T is a limit value that has been preset with reference to 
type of ink and print medium. 
10 [0129] Limits as to ink quantities of individual inks may be given by the 
following equations, for example. 
[0130] 

[Equation 1-3] 

C < Duty _ C 
M < Duty _ M 

Y < Duty _ Y 
R < Duty _ R 

V < Duty _ V 

15 [0131] Duty_C -Duty_V are limit values preset for each color, with reference 
to type of ink and print medium. 

[0132] Limits as to ink quantities for color mixtures of two colors may be 

given by the following equations, for example. 

[0133] 

20 [Equation 1-4] 

C + M <Duty_CM 
C + Y <Duty_CY 
C + R <Duty _CR 
C + V <Duty _CV 
M + Y < Duty _ MY 
M + R < Duty _ MR 

[0134] While these limits are imposed for combinations of any two inks, 
examples are given for six of these combinations. Duty_CM -Duty_MR are 
limit values preset for combinations of inks, with reference to type of ink and 
25 print medium. 
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[0135] As ink duty limits, there may also be established limits regarding 
combinations of any kinds of inks, such as mixtures of three colors, mixtures of 
four colors, etc. 

[0136] Ink duty limits such as the above (Condition l-l) can be represented 
5 by planes (not shown) in the primary color space depicted in Fig. 13(b), using 
hypothetical tone values for the colors CMY derived using substitution ink 
quantities. The area enclosed by the planes is an area in which ink duty limits 
are met. Thus, provided that hypothetical tone values for CMY for a particular 
color which is to be reproduced by ink quantities for the colors CMYRV lie 

10 within the area enclosed by these planes, each of the ink quantities meets the 
ink duty limits, whereby reproduction is possible using chromatic primary 
color inks C, M, Y and spot color inks R, V. In this Example, a mixture of 
chromatic primary color inks C, M, Y can be substituted by spot color inks R, V 
in quantities smaller than total ink quantity for each ink, based on the 

15 substitution ink quantities indicated in Figs. 5(b), 5(c). That is, the use of spot 
color inks R, V can reproduce higher saturation with comparable ink amount 
as that of a mixture of chromatic primary color inks C, M, Y. As a result, by 
utilizing chromatic primary color inks CMY and spot color inks RV, it becomes 
possible to reproduce a wider range of color than that reproducible with 

20 chromatic primary color inks CMY only. 

[0137] Extended chromatic color em is depicted in Fig. 13(b). Extended 
chromatic color em is located in the outer shell plane that meets ink duty 
limits (Condition l-l), i.e., the reproduction color outer shell plane (not shown). 
Extended chromatic color em is also situated on a line passing through the 

25 origin W and the outermost shell chromatic color m. That is, the extended 
chromatic color em is situated at the intersection of the reproduction color 
outer shell plane with a line segment line passing through the origin W and 
the outermost shell chromatic color m. In other words, the extended chromatic 
color em is a color represented by the longest extended chromatic color vector 

30 having the same direction as the outermost shell chromatic color vector 
representing the outermost shell chromatic color m in the primary color space; 
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furthermore an outermost shell color separation ink quantity set for 
reproducing the extended chromatic color em lies within ink duty limits. 
[0138] Such extended chromatic color em may be calculated by any of 
various methods. For example, sequential approximation may be made by 
5 repeating the processes of selecting a color in the primary color space, 
converting chromatic primary color ink into spot color ink, calculating a color 
separation ink quantity set, and judging whether the color separation ink 
quantity set meets ink duty limits (Condition l-l). Alternatively, calculation 
can be performed using a so-called linear programming method, on the basis of 
10 substitution ink quantity and ink duty limit (Condition l-l) equations or the 
like. In this case the series of steps S120 -S130 (Fig. 12) would be executed one 
time. 

[0139] In this way, by calculating extended chromatic color em whose 
outermost shell color separation ink quantity set meets ink duty limits 

15 (Condition l-l), extended chromatic color em situated in the same direction as 
the outermost shell chromatic color and having the largest tone value can be 
derived within a range of good picture quality when the color is printed. 
[0140] In Step S140 in Fig. 12, calculation of a color separation ink quantity 
set P corresponding to input color I (Fig. 13(a)) is performed. In this Step S140, 

20 first, calculation is performed to derive an outermost shell color separation ink 
quantity set emp for extended chromatic color em. Outermost shell color 
separation ink quantity set emp consists of values previously calculated for the 
purpose of determining whether ink duty limits (Condition l-l) are met, when 
calculating extended chromatic color em. In the event of numerous printable 

25 inks, there is a high degree of freedom in substitution between chromatic 
primary color inks and spot color inks. Thus, in some instances it may be 
possible to select combinations of a plurality of types of ink in the range 
meeting ink duty limits (Condition l-l), for the outermost shell color 
separation ink quantity set emp corresponding to the extended chromatic color 

30 em. In this Example, in such instances, the combination having the smallest 
total ink quantity is selected from among the plurality of combinations, for use 
as the outermost shell color separation ink quantity set emp. 
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[0141] Next, calculations are performed to derive a provisional color 
separation ink quantity set P on the basis of the outermost shell color 
separation ink quantity set. Fig. 13(c) is a simplified illustration of 
relationships between input color I and a provisional color separation ink 
5 quantity set P. In this Example, a value obtained by multiplying the 
outermost shell color separation ink quantity set emp by the ratio of the length 
LLI of the vector indicating input color I to the length LLm of the vector 
indicating the outermost shell chromatic color m is used as the provisional 
color separation ink quantity set P. At this time, the color separation ink 

10 quantity set corresponding to the outermost shell chromatic color m is the 
outermost shell color separation ink quantity set emp. Any colors between the 
origin W and the outermost shell color separation ink quantity set emp are 
reproducible by the specific combinations of print medium and ink set. Thus, 
the range of color reproducible with a specific combination of print medium 

15 and ink set can be utilized effectively. By calculating provisional color 
separation ink quantity set P so as to be proportional to length LLI in this way, 
provisional color separation ink quantity set P can be calculated readily for 
input color I. In addition to relationships among input color I and lengths LLI, 
LLm, provisional color separation ink quantity set P can also be calculated 

20 directly by a linear programming method, on the basis of the substitution ink 
quantity and ink duty limit (Condition l-l) equations, or the like. In this case, 
the series of Steps S120 -S140 (Fig. 12) will be executed all at once. Color to be 
reproduced by the provisional color separation ink quantity set P corresponds 
to a reproduction color (i.e. color to be reproduced on a print medium) 

25 associated with the input color I. 

[0142] In Step S150 in Fig. 12, calculation of a final color separation ink 
quantity set O is performed on the basis of the provisional color separation ink 
quantity set P. The final color separation ink quantity set O is derived by 
performing substitution of chromatic primary color inks with spot color inks in 

30 accordance with substitution ink quantities. Accordingly, color reproduced by 
the final color separation ink quantity set O will substantially match a color to 
be reproduced by the provisional color separation ink quantity set P. Here, 
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substitution of chromatic primary color inks with spot color inks is executed in 
consideration of improving graininess. Any of the processing methods 
described earlier (Fig. 9 -Figs. 11(a), 11(b)) or the various methods described 
hereinafter can be used as the process for calculating final color separation ink 
5 quantity set. 

[0143] Sequentially execution of the processes of Steps S100 -S150 provides 
a final color separation ink quantity set O expressed in a reproduction color 
system that is associated with an input color I expressed in a primary color 
system. The final color separation ink quantity set O derived in this manner 

10 can be used as the second tone value set in Step S20 of Fig. 6. 

[0144] In Step S160 of Fig. 12, a decision is made as to whether final color 
separation ink quantity sets have been calculated for all input colors. In the 
event that calculation of all final color separation ink quantity sets has not 
been completed, the processes of Step S120 -S150 are repeated; if completed, 

15 the process terminates. 

[0145] In order to reduce further the time required for the color separation 
process, it is preferable to limit the number of outermost shell chromatic colors 
for executing the series of processes. At this time, in the event that there is no 
outermost shell chromatic color corresponding to an input color on which it is 

20 desired to perform a color separation process, a plurality of final color 
separation ink quantity sets that approximate input color can be interpolated, 
and a corresponding final color separation ink quantity set calculated. At this 
time, it is preferable to prepare in advance a number of outermost shell 
chromatic colors, such that straight lines connecting outermost shell chromatic 

25 colors and the origin W are distributed throughout the entire range of the color 
solid. By so doing, large interpolation error of a color separation ink quantity 
set in specific areas of a color solid can be reduced. 

[0146] In the manner described above, in this Example, determinations of 
extended chromatic color em and outermost shell color separation ink quantity 
30 set are made so as to meet the following three conditions : 

(1-i) outermost shell color separation ink quantity set is within ink duty limits; 
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(l-ii) length of the extended chromatic color vector is the greatest length 
within the range reproducible by the ink set; and 

(1-iii) total ink quantity of the outermost shell color separation ink quantity 
set for reproducing the extended chromatic color em is the smallest possible. 
5 Even where not all of these conditions are met, the color reproduction 

range can nevertheless be extended if an extended chromatic color em has 
higher saturation than an outermost shell chromatic color m. For example, 
even where condition (l-ii) is not met, so that the extended chromatic color 
vector is not the longest, if it is configured so as to be longer than the 
10 outermost shell chromatic color vector, the color reproduction range can be 
extended. 

[0147] In order to extend color reproduction range over a wider range of hue, 
it is preferable to make the extended chromatic color vector longer than the 
outermost shell chromatic color vector, in a wider hue range. Here, the hue 

15 range over which an extended chromatic color vector can be lengthened is a 
range that varies depending on hue of the useable spot color inks. For a spot 
color ink, the color reproduction range of area having hue close to the hue of 
the spot ink can be extended. Thus, by enabling use of a larger number of spot 
color inks of mutually different hues, extended chromatic color vector can be 

20 made longer than the outermost shell chromatic color vector, in a wider hue 
range. 

[0148] As described hereinabove, in this Example, there is performed a color 
separation process that effectively utilizes a reproducible color range using 
chromatic primary color inks and spot color inks. Thus, printing with an 

25 extended color reproduction range can be carried out. Also, since the color 
separation process is carried out on the basis of an extended chromatic color 
situated at the intersection point of the reproduction color outer shell plane 
with a straight line connecting the origin and outermost shell chromatic color, 
color separation process results may be derived readily, even with an increased 

30 number of types of useable inks. 
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[0149] C3. Examples 1 -3 of Final Color Separation Ink Quantity 
Calculation Process in Embodiment 1 

[0150] C3-1. Example 1 of Final Color Separation Ink Quantity Calculation 
Process in Embodiment l: 
5 In this final color separation ink quantity set calculation process, a 

final color separation ink quantity set O is calculated using the provisional 
color separation ink quantity set P for an input color I. The final color 
separation ink quantity set O is calculated such that substantially identical 
color to provisional color separation ink quantity set P is reproduced in a range 

10 meeting ink duty limits (Condition 11). In order to reproduce substantially 
identical color to provisional color separation ink quantity set P, a combination 
of ink quantities derived by substituting some ink quantities of the provisional 
color separation ink quantity set P according to the substitution ink quantities 
is used as the final color separation ink quantity set O. Here, the degree of 

15 freedom of ink substitution is higher the greater the number of types of ink 
that can be used. Thus, there exist a number of ink quantity combinations 
possible for use as the final color separation ink quantity set O. In such 
instances, calculation of the final color separation ink quantity set O is carried 
out with consideration to improving graininess of the image. 

20 [0151] Fig. 15 is a flowchart depicting the processing routine for calculating 
a final color separation ink quantity set in this Example. In the initial Step 
S300, temporary ink quantities Rtmp, Vtmp for the spot color inks R, V are 
established. The temporary ink quantities Rtmp, Vtmp are used as indices for 
calculating final color separation ink quantities Ro, Vo of the spot color inks R, 

25 V in Step S3 10, described later. 

[0152] Fig. 16(a) is a graph depicting a relationship between temporary ink 
quantity Rtmp and maximum ink quantity Rmax. Fig. 16(b) is a graph 
depicting a relationship between the proportion k of temporary ink quantity 
Rtmp to maximum ink quantity Rmax, and maximum ink quantity Rmax. 

30 [0153] Maximum ink quantity Rmax is the maximum value that can be 
assumed by ink quantity of red ink R when ink quantities of a provisional color 
separation ink quantity set P is substituted with red ink R on the basis of the 
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substitution ink quantities. In this Example, maximum ink quantity Rmax 
represents maximum value when ink duty limits are not taken into 
consideration. Accordingly, in some instances the maximum value of the red 
ink R in the final color separation ink quantities will be smaller than 
5 maximum ink quantity Rmax. A maximum value taking ink duty limits into 
consideration could be used instead. 

[0154] In this Example, the design is such that temporary ink quantity Rtmp 
is smaller, the smaller the value of maximum ink quantity Rmax, as shown in 
Fig. 16(a). Also, the design is such that the proportion k of temporary ink 

10 quantity Rtmp to maximum ink quantity Rmax is smaller, the smaller the 
value of maximum ink quantity Rmax, as shown in Fig. 16(b). In this example, 
two specific values Rstart, Rend are set for the maximum ink quantity Rmax. 
Over a first range Rll in which Rmax < Rstart, the setting is Rtmp = 0 (k = 0). 
Over a third range R13 in which Rend < Rmax, the setting is Rtmp = Rmax (k 

15 =1). Over a second range R12 in which Rstart < Rmax < Rend, temporary ink 
quantity Rtmp is set so as to change in linear fashion. 

[0155] These settings in relation to temporary ink quantity Rtmp may be 
understood as follows. Spot color ink is substitutable for a plurality of 
chromatic primary color inks. Thus, where spot color ink is used preferentially, 

20 ink quantities of the plurality of chromatic primary color inks according to the 
substitution ink quantities are reduced, so that a smaller total number of ink 
dots is recorded onto the print medium. On the other hand, where chromatic 
primary color ink color mixtures are used preferentially, the total number of 
ink dots is greater. Such difference in the number of ink dots depending on 

25 ink quantity combination is particularly marked in instances where a 
chromatic primary color ink color mixture may be substituted by spot color ink 
in a smaller quantity than the total value of the substitution ink quantities. 
Also, graininess in a reproduced area (roughness of an image) tends to stand 
out more the smaller the number of ink dots. Thus, it is preferable in terms of 

30 improving image graininess to increase the number of ink dots in areas having 
smaller ink quantity, i.e., fewer ink dots, by means of using chromatic primary 
color ink mixtures in place of spot color ink. In the example of Figs. 16(a) and 
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16(b), the proportion k is designed to be smaller in association with smaller 
levels of maximum ink quantity Rmax. Thus, by making ink quantity of red 
ink R as small as the temporary ink quantity Rtmp, it is possible to improve 
graininess in a reproduced area. 
5 [0156] In the example of Fig. 16(a), Rtmp is kept zero over the first range 
Rll. That is, over the range of small ink quantity, temporary ink quantity 
Rtmp is set to a value (namely zero) that maximizes the number of ink dots 
without the use of spot color ink. By setting the ink quantity of red ink R to 
zero in this way, standing out of ink dots of red ink R can be avoided. 
10 [0157] Here, the first value Rstart refers to an ink quantity such that, as 
long as the maximum ink quantity is equal to or greater than this value, ink 
dots will not readily stand out even if red ink R is used. Such a first value 
Rstart could be established, for example, based on a sensory test such as the 
following. First, a gradation pattern in which red ink R ink quantity per unit 

15 of area varies from 0 to 100% is reproduced with a mixture of chromatic 
primary color inks C, M, Y. Ink dots of red ink R are then printed at 
appropriate intervals in the pattern. In the small ink quantity range, red ink 
R dots tend to stand out, but in the large quantity range, red ink R dots tend 
not to stand out. The ink quantity at which dots begin to not stand out can be 

20 designated as Rstart. 

[0158] In the example of Fig. 16(a), the setting Rtmp = Rmax is used in the 
third range R13. That is, over a range in which ink quantity is particularly 
large, temporary ink quantity Rtmp is set to a value that preferentially uses 
red ink R (i.e., the maximum ink quantity Rmax). By setting the ink quantity 

25 for red ink R to a large value in this way, total ink quantity used can be 
minimized. As a result, savings in quantity of ink used are provided, and 
wrinkling of print media can be avoided. 

[0159] The second value Rend could be established, for example, based on a 
sensory test such as the following. First, a gradation pattern in which red ink 
30 R ink quantity per unit of area varies from 0 to 100% is reproduced with a 
mixture of chromatic primary color inks C, M, Y. In the same manner, a 
gradation pattern in which red ink R quantity per unit of area varies from 0 to 
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100% is reproduced using red ink R. In the small ink quantity range, the 
gradation pattern produced with the color mixture has more dots and 
accordingly improved graininess. In the large ink quantity range, the number 
of ink dots is large in either of the two gradation patterns, so differences in 
5 graininess become less apparent. The two gradation patterns are compared, 
and the ink quantity at which difference in graininess between the two begins 
to disappear is designated as the second value Rend. 

[0160] The maximum ink quantity Rmax can be considered as an index 
value indicative of lightness of input color I, that is, a lightness parameter 

10 value correlated to reproduction color lightness. In a bright area, the ink 
quantity to reproduce each color is small. Thus, maximum ink quantity Rmax 
of red ink R is small as well. On the other hand, in a dark area, the ink 
quantity to reproduce each color is large. Thus, in areas where red ink R is 
used, maximum ink quantity Rmax of red ink R is large as well. That is, a 

15 smaller value of maximum ink quantity Rmax indicates a lighter area, and a 
large value indicates a darker area. Thus, the temporary ink quantity Rtmp 
and proportion k given in Figs. 16(a) and 16(b) can be considered as being set 
so as to be smaller in association with higher lightness of an input color I. 
[0161] Temporary ink quantity Rtmp is designed to vary continuously over 

20 the entire range for maximum ink quantity Rmax. By so doing, over gradation 
areas in which ink quantity varies continuously, sharp changes in ink quantity 
of each color component, and resulting standing out of boundaries, can be 
avoided. Temporary ink quantity Rtmp is not limited to an arrangement 
whereby it varies in linear fashion with respect to maximum ink quantity 

25 Rmax; it could instead be designed to vary smoothly using a curve, for example. 
[0162] In the example of Fig. 16(a), temporary ink quantity Rtmp of red ink 
R is calculated; however, temporary ink quantity of other types of spot color 
ink can be calculated in the same manner. In any case, the design is such that 
the proportion of temporary ink quantity to maximum ink quantity decreases 

30 with smaller maximum ink quantity. By so doing, the number of ink dots can 
be increased by preferentially using chromatic primary color ink in place of 
spot color ink so that graininess can be improved. 
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[0163] In Step S310 in Fig. 15, calculation of final color separation ink 
quantities Ro, Vo of the spot color inks R, V is performed on the basis of the 
temporary ink quantities Rtmp, Vtmp of the spot color inks R, V established in 
Step S300 described earlier. As noted, temporary ink quantities Rtmp, Vtmp 
5 are ink quantities calculated giving consideration mainly to graininess. Thus, 
in some instances, a combination of ink quantities using Rtmp, Vtmp may not 
meet ink duty limits (Condition 1*1). Also, where temporary ink quantities 
Rtmp, Vtmp are used, in some instances it may not be possible to reproduce 
the provisional color separation ink quantity set P derived in Step S140 of Fig. 
10 12. In such a case, in Step S3 10, ink quantities close to temporary ink 
quantities Rtmp, Vtmp in a range meeting these limits are used as final color 
separation ink quantities Ro, Vo. 

[0164] Figs. 17(a)- 17(d) illustrate calculation of a color coordinate point 
Prv(Ro, Vo) for a final color separation ink quantity pair. Figs. 17(a)- 17(d) 

15 show a two-dimensional color space representing ink quantities for the colors 
RV as base vectors. The horizontal axis represents red ink R quantity and the 
vertical axis represents violet ink V quantity. Ink quantity combinations of 
red ink R and violet ink V are show as dots in the drawings. 
[0165] Fig. 17(a) illustrates a range of values assumable by final color 

20 separation ink quantities Ro, Vo. Final color separation ink quantities Ro, Vo 
are set within a permissible range meeting the following conditions. 
[0166] 

(Condition 1-lb) Final color separation ink quantities for the colors CMYRV 
meet ink duty limits. 

25 (Condition l-2b) Final color separation ink quantities for the colors CMYRV 
are combinations of ink quantities that can be derived from provisional color 
separation ink quantity set P by substituting ink on the basis of substitution 
ink quantities (Figs. 5(b) and 5(c)). 

(Condition l-3b) As regards color components with temporary ink quantity 
30 smaller than provisional color separation ink quantity, final color separation 
ink quantity is equal to or less than provisional color separation ink quantity. 
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[0167] "Condition l*lb" is the same as "Condition 1-1" described earlier. 
This condition can be represented by straight lines in Fig. 17(a). Accordingly, 
the permissible range can be represented by an area enclosed by lines 
corresponding to this condition. In the example of Fig. 17(a), to simplify the 
description, an area enclosed by five straight lines LR -LRVM2 described 
hereinbelow will be designated as permissible area RA. 

[0168] Straight line LR is a line corresponding to the upper limit of red ink R. 
The ink quantity of red ink R can be increased by substituting each ink 
according to substitution ink quantities (Fig. 5). However, the upper limit 
value therefor is subject to the restriction of the ink duty limit for red ink R, 
and to the restriction of the maximum ink quantity for red ink R which is 
determined by provisional color separation ink quantity set P and the 
substitution ink quantities. Straight line LR corresponds to the upper limit 
meeting these restrictions. 

[0169] Straight line LV is a line corresponding to the upper limit for violet 
ink V. The meaning of this line is the same as for line LR described above. 
[0170] Straight line LVC is a line corresponding to the lower limit for violet 
ink V. It is possible to decrease the ink quantity of violet ink V by substituting 
the same with the two chromatic primary color inks C, M; this, however, 
increases the ink quantities of the chromatic primary color inks. Accordingly, 
the lower limit for violet ink V is subject to the restriction of ink duty limits for 
the chromatic primary color inks. Straight line LVC corresponds to the lower 
limit meeting these restrictions. 

[0171] Straight line LVRM1 is a line corresponding to a common lower limit 
for the two inks R, V. Ink quantities of red ink R and violet ink V can both be 
decreased by substitution with two chromatic primary color inks. Instead of 
this, the ink quantity of the principal component primary color ink common to 
both inks R, V (Figs. 5(b), 5(c); in this example, magenta M) increases. The ink 
quantity of magenta ink M is subject to the restrictions of the ink duty limit 
for magenta ink M, and the maximum ink quantity for magenta ink M 
determined by provisional color separation ink quantity set P and substitution 
ink quantities. Accordingly, the lower limit for ink quantity of the two inks R, 
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V is restricted to a range in which it is possible to share the upper limits for 
magenta ink M quantity with one another. Under such a restriction, lower 
limits for the two inks R, V are inversely proportional. Straight line LRVM1 
corresponds to the lower limit of the two inks R, V determined in this manner. 
5 [0172] Straight line LVRM2 is a line corresponding to a common upper limit 
for the two inks R, V. Ink quantities of red ink R and violet ink V can both be 
increased by substitution them for two chromatic primary color inks. Instead 
of this, the ink quantity of the principal component primary color ink common 
to both inks R, V (magenta M) decreases. The upper limit for ink quantity of 

10 the two inks R, V is restricted to a range in which it is possible to share the 
maximum ink quantity of magenta ink M with one another. Under such a 
restriction, upper limits for the two inks R, V are inversely proportional. 
Straight line LRVM2 corresponds to the upper limit of the two inks R, V 
determined in this manner. 

15 [0173] In this Example, among the spot color inks, the one whose temporary 
ink quantity is less than its provisional color separation ink quantity are 
subject to the restriction that its final color separation ink quantity is equal to 
or less than its provisional color separation ink quantity (Condition l~3b). For 
example, in the event that the temporary ink quantity Rtmp of red ink R is 

20 smaller than the provisional color separation ink quantity Rp, final color 
separation ink quantity Ro is limited to a value equal to or less than the 
provisional color separation ink quantity Rp. A small temporary ink quantity 
means that adjusting the ink quantity of that color to a low level is desirable in 
terms of improving graininess. Of a plurality of color separation ink quantity 

25 sets derived by substituting some ink quantities according to the substitution 
ink quantities on the basis of provisional color separation ink quantity sets, 
those color separation ink quantity sets having small ink quantities of spot 
color inks will have less readily apparent graininess, due to the greater total 
number of ink dots. Accordingly, for inks whose temporary ink quantity is 

30 smaller than the provisional color separation ink quantity, final color 
separation ink quantity is prevented from becoming larger than provisional 
color separation ink quantity. 
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[0174] In Step S310 in Fig. 15, in permissible range RA derived in the above 
manner, a combination of ink quantities close to the color coordinate point 
Prv(Rtmp, Vtmp) of the temporary ink quantity pair are used as the final color 
separation ink quantities Ro, Vo. The following description of calculation of 
5 final color separation ink quantities Ro, Vo assumes the relationship between 
permissible range RA and temporary ink quantity pair color coordinate point 
Prv(Rtmp, Vtmp) to fall under three separate cases. 

(Case 1-1) The temporary ink quantity pair color coordinate point Prv is 
located inside permissible range RA. 
10 (Case 1-2) The temporary ink quantity pair color coordinate point Prv is 
located outside permissible range RA, and a line connecting the origin W and 
the temporary ink quantity pair color coordinate point Prv passes through 
permissible range RA. 

(Case 1-3) The temporary ink quantity pair color coordinate point Prv is 
15 located outside permissible range RA, and a line connecting the origin W and 

the temporary ink quantity pair color coordinate point Prv does not pass 

through permissible range RA. 

[0175] (Case 1-1): 

Fig. 17(b) depicts a case in which temporary ink quantity pair color 
20 coordinate point Prv is located inside permissible range RA. In this case, 

temporary ink quantities Rtmp, Vtmp are used as-is as final color separation 

ink quantities Ro, Vo. By so doing, final color separation ink quantities Ro, Vo 

that are favorable in terms of improving graininess can be obtained. In the 

example of Fig. 17(b), since the violet ink V temporary ink quantity Vtmp is 
25 smaller than the provisional color separation ink quantity Vp, the permissible 

range RA is restricted to the range Vo < Vp. 

[0176] (Case 1-2): 

Fig. 17(c) depicts a case in which temporary ink quantity pair color 

coordinate point Prv is located outside permissible range RA, and a straight 
30 line LP connecting the origin W and the temporary ink quantity pair color 

coordinate point Prv passes through permissible range RA. In this case, an 

ink quantity combination represented by, of the intersection points of line LP 
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with the boundaries of permissible range RA, the point Oa closest to the 
temporary ink quantity pair color coordinate point Prv is used for the final 
color separation ink quantities Ro, Vo. Line LP is a straight line maintaining 
a constant ratio of temporary ink quantities Rtmp, Vtmp. By using a point on 
5 such a line LP, ink quantity of one of the spot color inks R, V can be reduced 
appropriately, while preventing the other ink quantity from not becoming 
sufficiently small. In other words, by using a point on line LP, final color 
separation ink quantities Ro, Vo can be calculated while taking into 
consideration adverse effects of each spot color ink on graininess. 

10 [0177] The ink combination used as the final color separation ink quantity 
set is not limited to the combination represented by point Oa described above. 
Any combination represented by a point situated at a location inside 
permissible range RA and close to temporary ink quantity pair color coordinate 
point Prv can improve graininess. For example, an ink quantity combination 

15 represented by the intersection point Ob of a boundary of permissible range 
RA with a straight line connecting provisional color separation ink quantity 
set P and temporary ink quantity pair color coordinate point Prv could be used. 
It is also possible to use a combination represented by a point Oc situated at a 
location inside permissible range RA, and closest to temporary ink quantity 

20 pair color coordinate point Prv. In any event, by using a combination of ink 
quantities represented by a point situated at a location inside permissible 
range RA and close to temporary ink quantity pair color coordinate point Prv, 
calculation of final color separation ink quantities Ro, Vo can be carried out in 
consideration of improving graininess. 

25 [0178] (Case 1-3): 

Fig. 17(d) depicts a case in which temporary ink quantity pair color 
coordinate point Prv is located outside permissible range RA, and a straight 
line LP connecting the origin W and the temporary ink quantity pair color 
coordinate point Prv does not pass through permissible range RA. In this case, 

30 an ink quantity combination represented by a point Od --which is a point 
inside the permissible range RA that minimizes the final color separation ink 
quantity Ro relating to the red ink R which, of the temporary ink quantities 
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Rtmp, Vtmp, has the smaller value Rtmp-- is used as the final color separation 
ink quantities Ro, Vo. Ink having the smallest temporary ink quantity has the 
greatest effect on graininess. Accordingly, by using the point Od at which the 
ink quantity of this ink is minimized, it is possible to improve graininess in the 
5 reproduced image area. 

[0179] The combination of inks used as the final color separation ink 
quantity set is not limited to the combination represented by the 
aforementioned point Od. Any combination represented by a point situated 
inside the permissible range RA and close to the temporary ink quantity pair 

10 color coordinate point Prv can improve graininess. 

[0180] In the event that all temporary ink quantities Rtmp, Vtmp of the spot 
color inks are zero, graininess can be improved with any combination 
represented by a point situated inside the permissible range RA and close to 
the origin W. As such a point, it would be possible, for example, to use the 

15 intersection point (not shown) of a permissible range RA boundary with a 
straight line connecting the color coordinate point P of the provisional color 
separation ink quantity set and the origin W. A point that minimizes distance 
from the origin W may also be used. 

[0181] In Step S320 in Fig. 15, calculation of a final color separation ink 
20 quantity set for all inks making the ink set is performed. The ink quantities 
calculated in Step S3 10 are used as the final color separation ink quantities Ro, 
Vo for the spot color inks. Final color separation ink quantities Co, Mo, Yo for 
the chromatic primary color inks are calculated on the basis of the provisional 
color separation ink quantity set P and substitution ink quantities. 
25 [0182] As described hereinabove, the final color separation ink quantity set 
calculation process of this Example is carried out in consideration of improving 
graininess. Where an image area it is desired to reproduce is bright, ink 
quantity of each color of ink is smaller. At this time, since less spot color ink is 
used and more chromatic primary color ink is used, graininess can be 
30 improved. 

[0183] In an area of particularly high lightness, the magnitude of each ink 
quantity of an ink set is smaller relative to ink duty limits. Accordingly, ink 
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duty limits are met by a combination of greater ink quantities. As a result, 
where temporary ink quantities Rtmp, Vtmp of the spot color ink are zero, 
final color separation ink quantities Ro, Vo can be brought to zero. That is, in 
an area of particularly high lightness, color is reproduced without the use of 
5 spot color ink, and thus in such particularly bright areas, standing out of ink 
dots of spot color ink can be avoided. 

[0184] In this Example, the final color separation ink quantity set 
calculation process is performed according to temporary ink quantities Rtmp, 
Vtmp established independently for each of the spot color inks, i.e. depending 

10 on the effect of each ink on graininess. As a result, graininess can be improved 
appropriately in consideration of effect of each spot color ink on graininess. 
[0185] This sort of final color separation ink quantity set calculation process 
may be carried out in similar fashion even where more types of spot color ink 
are used. For example, where three spot color inks are used, first, a temporary 

1 5 ink quantity is calculated for each ink. Next, a combination of ink quantities 
represented by a point situated within a permissible range (represented by a 
solid in a color space in which the three ink quantities are represented by base 
vectors) and close to a point represented by a temporary ink quantity set is 
used as a final color separation ink quantity set of spot color ink. In this case 

20 as well, where a final color separation ink quantity set is calculated according 
to the positional relationship of the permissible range and a straight line 
passing through a point represented by a temporary ink quantity set, the final 
color separation ink quantity set can be calculated in consideration of the 
balance of effect of each spot color ink on graininess. 

25 [0186] As described hereinabove, the final color separation ink quantity set 
calculation process of this Example is carried out in consideration of improving 
graininess, whereby roughness of images in bright areas thereof can be 
reduced. 

30 [0187] C3-2. Example 2 of Final Color Separation Ink Quantity Calculation 
Process in Embodiment l: 
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A point of difference from Example 1 described hereinabove is that 
temporary ink quantity Rtmp is set depending on lightness L of a color to be 
reproduced. Fig. 18 is a graph showing a relationship of lightness L to the 
proportion k of temporary ink quantity Rtmp to maximum ink quantity Rmax. 
5 [0188] Where provisional color separation ink quantity set P is expressed in 
a primary color space (Fig. 13(a)), for example, the distance between a point 
produced by projecting the point P onto the achromatic color axis (the straight 
line connecting the origin W and a point K) and the origin W may be used as 
lightness L of the color to be reproduced. Here, greater distance from the 

10 origin W indicates lower lightness. As the maximum ink quantity Rmax, there 
may be used the maximum value assumable by the value of ink quantity of red 
ink R, among combinations of ink quantities able to reproduce color 
substantially identical to the color to be reproduced by provisional color 
separation ink quantity set P. 

15 [0189] In this Example, as shown in Fig. 18, the proportion k of temporary 
ink quantity Rtmp to maximum ink quantity Rmax is set so as to be smaller 
the higher the lightness L of the color to be reproduced, i.e. the brighter it is. 
Temporary ink quantity for the other spot color ink is set similarly. 
Accordingly, in an image area of high lightness L and small ink quantities of 

20 each ink, less spot color ink is used, and chromatic primary color ink is used 
preferentially to increase the number of ink dots, so that graininess can be 
improved. 

[0190] In the brightest range R21 wherein Lstart < L, the setting Rtmp = 0 is 
used. As a result, in areas of particularly high lightness, colors are reproduced 

25 without the use of spot color ink, so that standing out of ink dots of spot color 
ink can be prevented. In the darkest range R23 wherein L < Lend, the setting 
Rtmp = Rmax is used. As a result, in areas of particularly low lightness, colors 
are reproduced using spot color ink preferentially, thereby providing savings in 
quantity of ink used, and also preventing wrinkling of the print medium. 

30 [0191] The values Lstart, Lend used to indicate specific magnitudes of 
lightness L can be set in the same manner as Rstart, Rend in Fig. 16(a). For 
example, they can be set on the basis of a sensory test by comparing a spot 
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color ink gradation pattern reproduced while varying lightness L from 
minimum to maximum value, with a gradation pattern produced by mixture of 
chromatic primary color inks. 

[0192] In this Example, as regards violet ink V, temporary ink quantity 
5 Vtmp depending on lightness L is established using the same method as for 
red ink R. Where even more spot color inks are used, temporary ink quantities 
can be established in similar fashion. 

[0193] C3-3. Example 3 of Final Color Separation Ink Quantity Calculation 
10 Process in Embodiment 1* 

Fig. 19 is a flowchart depicting the processing routine for calculating 

a final color separation ink quantity set in this Example. A point of difference 

from the preceding Examples is that the range of possible values of final color 

separation ink quantities of spot color inks is limited depending on lightness of 
15 input color (or reproduction color). In this Example, final color separation ink 

quantities Ro, Vo are established within a permissible range meeting the 

following conditions. 

[0194] 

(Condition 1-lc) Final color separation ink quantities for the colors CMYRV 
20 meet ink duty limits. 

(Condition l-2c) Final color separation ink quantities for the colors CMYRV 
are combinations of ink quantities that can be derived from provisional color 
separation ink quantity set P by substituting inks on the basis of substitution 
ink quantities. 

25 (Condition l-4c) The sum of final color separation ink quantities of spot 
color inks is equal to or less than a spot color ink quantity limit value T2. 
[0195] Conditions 11c, l"2c are the same as conditions Tib, l-2b described 
previously. The addition of Condition l-4c is a point of difference from the 
earlier Examples. 

30 [0196] In Step S400 in Fig. 19, a spot color ink quantity limit value T2 is 
established. Fig. 20 is a graph of the relationship between reproduction color 
lightness L and the proportion k2 of limit value T2 to the maximum value 
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T2max assumable by the sum of final color separation ink quantities of spot 
color inks; the sum corresponds to a spot color ink quantity parameter in the 
invention. 

[0197] As the maximum value T2max there may be used the maximum 
5 value possible for the sum of ink quantities of spot color inks R, V, among 
combinations of ink quantities able to reproduce color substantially identical to 
the color to be reproduced by provisional color separation ink quantity set P 
(for example S510 in Fig. 8 or S140 in Fig. 12). Alternatively, the maximum 
value possible for the sum of ink quantities of spot color inks R, V, among 
10 combinations of ink quantities able to reproduce lightness substantially 
identical to the lightness L of reproduction color to be reproduced by 
provisional color separation ink quantity set P. 

[0198] A point of difference from the example of Fig. 18 is that instead of 
establishing a temporary ink quantity for each of the spot color inks R, V, an 

15 upper limit (limit value) T2 is established for the sum of ink quantities of spot 
color inks R, V (spot color ink quantity parameter). In the example of Fig. 20, 
proportion k2 is set so as to be smaller the higher the lightness L of the 
reproduction color, i.e. the brighter it is. Accordingly, in an image area of high 
lightness L and small ink quantities of each ink, the sum of ink quantities of 

20 spot color ink is smaller, and chromatic primary color ink is used preferentially 
to increase the number of ink dots, so that graininess can be improved. 
[0199] In the brightest range R31 wherein Lstart < L, the setting k2 = 0, i.e. 
T2 = 0, is used. As a result, in areas of particularly high lightness, colors are 
reproduced without the use of spot color inks, so that standing out of ink dots 

25 of spot color inks can be prevented. In the darkest range R33 wherein L < 
Lend, the setting k2 = 1, i.e., T2 = T2Max, is used. As a result, in areas of 
particularly low lightness, colors are reproduced using spot color inks 
preferentially, thereby providing savings in quantity of ink used, and also 
preventing wrinkling of the print medium. 

30 [0200] In Step S410 of Fig. 19, calculation of final color separation ink 
quantities Ro, Vo of spot color inks R, V is performed on the basis of the spot 
color ink limit value T2 established in the aforementioned Step S400 of Fig. 19. 
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In this Example, final color separation ink quantities Ro, Vo are determined on 
the basis of provisional color separation ink quantity P and spot color ink limit 
value T2, without calculating a temporary ink quantity pair Rtmp, Vtmp (Fig. 
15, S300). 

[0201] Figs. 2l(a)-12(c) illustrate calculation of final color separation ink 
quantities Ro, Vo of spot color inks. In the drawing, area RA is a permissible 
area meeting the aforementioned Conditions l"lc and l-2c. Also shown in the 
drawing is a straight line LT2 representing the aforementioned Condition l-4c. 
A permissible area RB meeting the three conditions 1-lc, 12c, and 14c is 
indicated by hatching. 

[0202] Fig. 21(a) depicts an instance in which a provisional color separation 
ink quantity set coordinate point P lies within permissible area RB. In this 
case, provisional color separation ink quantities Rp, Vp are used as final color 
separation ink quantities Ro, Vo. 

[0203] Fig. 2Kb) depicts an instance in which a provisional color separation 
ink quantity set coordinate point P lies outside permissible area RB. In this 
case, an ink quantity combination represented by, of the intersection points of 
a straight line connecting provisional color separation ink quantity set 
coordinate point P to origin W, with the boundaries of permissible range RB, 
the point Oe closest to the provisional color separation ink quantity set 
coordinate point P is used for the final color separation ink quantities Ro, Vo. 
In this way, using a combination of ink quantities inside a permissible area RB 
that meets condition l*4c, graininess can be improved. 

[0204] The ink combination used as the final color separation ink quantity 
set is not limited to the combination represented by point Oe described above; 
any combination represented by a point situated inside permissible range RB 
can improve graininess. 

[0205] Fig. 21(c) depicts an instance in which there is no permissible area 
RB that meets all of the conditions 11c, l-2c, and l"4c. In this case, an ink 
quantity combination represented by, of the intersection points of a straight 
line connecting provisional color separation ink quantity set coordinate point P 
to origin W, with the boundaries of permissible range RA, the point Of closest 
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to the origin W is used for the final color separation ink quantities Ro, Vo. By 
using a point close to the origin in this way, graininess can be improved. 
[0206] The ink combination used as the final color separation ink quantity 
set is not limited to the combination represented by point Of described above; 
5 any combination represented by a point situated inside permissible range RA 
and close to the origin W can improve graininess. 

[0207] In Step S420 of Fig. 19, calculation of a final color separation ink 
quantity set of all inks making up the ink set is performed. The ink quantities 
calculated in Step S410 are used as final color separation ink quantities Ro, Vo 

10 for the spot color inks. Final color separation ink quantities Co, Mo, Yo for the 
chromatic primary color inks are calculated on the basis of the provisional 
color separation ink quantity set P and substitution ink quantities. 
[0208] In the manner described above, in the final color separation ink 
quantity set calculation process in this Example, a restriction on spot color ink 

15 quantity parameter is adjusted depending on input color (or reproduction color) 
lightness. Accordingly, since the possible range of values assumed by final 
color separation ink quantities of spot color inks is restricted depending on 
lightness of the input color (or reproduction color), final color separation ink 
quantities can be calculated with consideration to improving graininess. The 

20 lightness-dependent permissible range restriction is not limited to Condition 1- 
4c; any restriction of permissible range to a smaller range of ink quantity with 
lighter input color (or reproduction color) would be acceptable. For example, in 
a color space in which spot color ink quantities are represented as base vectors, 
distance from the origin to a point represented by the final color separation ink 

25 quantities Ro, Vo could be used as a spot color ink quantity parameter. By 
imposing on this parameter the restriction of being smaller in association with 
greater lightness of input color (or reproduction color), graininess can be 
improved. Additionally, a weighted average value or weighted average 
distance, weighted according to the tendency of ink dots of ink of each color to 

30 stand out, could be used as a spot color ink quantity parameter, restricting the 
magnitude thereof depending on lightness. The spot color ink quantity 
parameter is not limited to sum of ink quantities, distance, weighted average 
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value, or weighted average distance as mentioned above; any characteristic 
that increases in magnitude with greater ink quantities of spot color inks 
would be acceptable. In this way, by imposing a condition that limits a spot 
color ink quantity parameter to a smaller range in association with greater 
5 lightness as represented by a lightness parameter value, it is possible to 
improve graininess more appropriately. This final color separation ink 
quantity set calculation process can be carried out in similar fashion even 
when a greater number of spot color inks are used. 

[0209] As the final color separation ink quantity set calculation process S150 
10 of the color separation process of this Example (Fig. 12), the method (Fig. 9 - 
Fig. 11) employed in the final color separation ink quantity set calculation 
process S520 of the color separation process shown in Fig. 8 may be used 
instead of the various methods depicted in Figs. 15 -17, Fig. 18, and Figs. 19 - 
21. Similarly, as the color separation ink quantity set calculation process S520 
15 of the color separation process shown in Fig. 8, any of the various methods 
(Figs. 15 -17, Fig. 18, and Figs. 19 -21) employed in the final color separation 
ink quantity set calculation process S150 of the color separation process of this 
Example (Fig. 12) may be used instead of the method depicted in Fig. 9 -Fig. 
11. 

20 

[0210] C4. Example 3 of Color Separation Process in Embodiment l: 

Fig. 22 is a flowchart depicting a processing routine of a third 
Example of the color separation process in Embodiment 1. A point of 
difference with the color separation process example of Fig. 12 earlier is that 

25 an under color removal (UCR) process S220 using black ink K is executed. The 
UCR process of this Example is a process wherein some chromatic primary 
color ink C, M, Y tone values are substituted with black ink K tone values. As 
the UCR process may be implemented by various widely known methods, a 
detailed description will not be provided here. 

30 [0211] In Step S200, an ink set composed of the chromatic primary color inks 
C, M, Y, the spot color inks R, V, and black ink K is established as the useable 
ink set. 
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[0212] Next, in Step S210, ink duty limits, which are limits as to ink 
quantity for each color of the ink set, are established. A difference with the ink 
duty limits in the Example shown in Fig. 12 is that they are established with 
consideration to the ink quantity of black ink K (described in detail later). 
[0213] Next, in Step S220, the UCR process is executed on an input color 
targeted for color separation processing (for example, in Step S20 in Fig. 6, one 
represented by a primary color tone value set). As a result, an input color I 
represented by tone values Ci, Mi, Yi, Ki of the colors CMYK is obtained. Of 
these tone values, tone values Ci, Mi, Yi of the colors CMY are subjected to a 
color separation process using extended chromatic color em. The series of 
processes S230 -S270 is the same as processes S120 -S160 of the Example 
shown in Fig. 12. As a result, there are obtained color separation ink 
quantities Co, Mo, Yo, Ro, Vo for the tone values Ci, Mi, Yi of the colors CMY. 
For the black ink K, the tone value Ki obtained as the result in UCR process 
220 is used as the color separation ink quantity Ko. 

[0214] In this way, in the color separation process of Example 3, there is 
performed a color separation process that effectively utilizes the range of color 
possible to reproduce using black ink K in addition to chromatic primary color 
inks CMY and spot color inks RV. This makes it possible to perform printing 
with an additionally extended color reproduction range. 

[0215] In this Example, it is preferable for the ink duty limit (Condition l-l) 
described earlier to also include a limit that takes into consideration ink 
quantity of black ink K. For example, as regards limits on quantity of all inks, 
given in Equation 1-2, the sum of ink quantities of the colors CMYRV in 
conjunction with the ink quantity Ki of black ink K derived in Step S220 can 
be set so as to be equal to or less than DutyJT. By so doing, ejection of ink in 
quantities exceeding the limit of ink absorbency of the print medium can be 
avoided. As regards limits on ink quantity in the case of mixtures of several 
colors as well, limits can be established using ink quantity Ki of black ink K. 
As regards limits on ink quantity of black in K alone, these are preferably 
taken into consideration when calculating ink quantity Ki during the UCR 
process 220. 
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[0216] When the color separation process of this Example is implemented in 
Step S20 of the color conversion lookup table creation process illustrated in Fig. 
6, the second tone value set consists of tone values represented by ink 
quantities of the chromatic primary color inks CMY, spot color inks RV, and 
5 black ink K. Thus, in Step S30, color patches reproduced using the colors 
CMYRVK are created. 

[0217] D. Embodiment 2: 

The device arrangement described in Fig. 1 -Fig. 5 and the color 
10 conversion lookup table creation process described in Figs. 6 and 7 may also be 
implemented in Embodiment 2. Embodiment 2 differs from Embodiment 1 in 
terms of the color separation process method, described hereinbelow. 
[0218] Dl. Details of Example 1 of Color Separation Process in Embodiment 
2: 

15 Fig. 23 is a flowchart depicting the processing routine of Example 1 of 

the color separation process in Embodiment 2. Steps S1500 -S1530 in Fig. 23 
are similar to Steps S500 -S530 in Fig. 8, with the exception that the details of 
the routine of Step S1520, described hereinbelow, differ from the details of the 
routine of Step S520 (Fig. 9). 

20 [0219] Fig. 24 is a flowchart depicting the details of the routine of Step 
S1520. In Step S1600, residual ink quantities RES_R, RES__V corresponding 
respectively to the two spot color inks R, V are determined from the provisional 
color separation ink quantity set P. Residual ink quantity is the sum of ink 
quantities of inks other than the spot color inks. In the next Step S1610, 

25 temporary ink quantities Rtmp, Vtmp of the spot color inks R, V are 
determined using residual ink quantities RES_R, RES_V. 

[0220] Figs. 25(a) -25(e) illustrate relationships between spot color ink usage 
rate and ink quantities of other inks. In the example of Figs. 25(a) -25(e), in 
order to simplify the description, it is assumed that two types of ink, namely 
30 cyan ink C and magenta ink M, are utilizable as chromatic primary color inks, 
and one type of ink, namely violet ink V, is utilizable as spot color ink. 
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[0221] Fig. 25(a) illustrates the range of hue reproducible using cyan ink C 
and magenta ink M. Violet ink V has a hue between cyan ink C and magenta 
ink M. In Fig. 25(a), two colors ColA, ColB are shown. The two colors ColA, 
ColB have hues between violet ink V and cyan ink C. Color ColA has a hue 
5 close to that of violet ink V. Color ColB is a color derived by adjusting the hue 
of color ColA closer to cyan ink C. 

[0222] Fig. 25(b) illustrates one example of ink quantities of the three inks C, 
M, V for reproducing color ColA. Since color ColA has a hue close to violet ink 
V, it is possible to reproduce using a large amount of violet ink V. Also, since 

10 color ColA has a hue between violet ink V and cyan ink C, it is reproduced with 
some cyan ink C. In the example of Fig. 25(b), cyan ink C quantity is 2, 
magenta ink M quantity is 0, and violet ink V quantity is 2. Here, ink 
quantity of each of the colors CMV can assume a value in the range 0 -100. 
Ink quantity = 0 means that an ink quantity is zero; ink quantity = 100 means 

15 the ink quantity used to reproduce a solid area. 

[0223] Violet ink V is characterized by higher saturation and density than 
cyan ink C or magenta ink M. Accordingly, in bright areas, if violet ink V are 
used preferentially as in Fig. 25(b), the ink dots would tend to stand out, with 
the possibility that graininess may not be adequately improved. 

20 [0224] Fig. 25(c) illustrates another example of ink quantities of the three 
inks C, M, V for reproducing color ColA. The difference from Fig. 25(b) is that 
the violet ink V quantity is smaller, and the cyan ink C and magenta ink M 
quantities are larger. Specifically, cyan ink C is 11, magenta ink M is 9, and 
violet ink V is 11. 

25 [0225] Here it is assumed that a mixture of equal quantities of cyan ink C 
and magenta ink M can reproduce hue and saturation substantially identical 
to those of an equivalent quantity of violet ink V. That is, substitution 
quantities for violet ink V are cyan ink C = 1 and magenta ink M = 1. The 
example of Fig. 25(c) is a combination of ink quantities derived on the basis of 

30 ink quantities in Fig. 25(b), by substituting an violet ink V in ink quantity = 9 
with cyan ink C in ink quantity = 9 and magenta ink M in ink quantity = 9. 
Accordingly, the example of Fig. 25(c) can reproduce a color ColA substantially 
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identical to that of the example of Fig. 25(b). There are innumerable 
combinations of ink quantities that can be derived by substituting ink 
quantities according to substitution ink quantities. Of this plurality of 
combinations, the example of Fig. 25(b) depicts the combination having the 
largest ink quantity of violet ink V. 

[0226] Where the ink quantity of violet ink V is reduced as in Fig. 25(c), ink 
quantities of the plurality of other inks C, M increase, making it unlikely that 
violet ink V dots will stand out. Here, it is assumed that where the total ink 
quantity of the other inks C, M is double or more the ink quantity of violet ink 
V, it is unlikely that violet ink V dots will stand out. Accordingly, by setting 
the violet ink V quantity usage rate (in this example, the proportion of ink 
quantity to maximum value) to 55% (=11/20) as in Fig. 25(c), it is possible to 
improve graininess. 

[0227] Fig. 25(d) illustrates an example of ink quantities of the three inks C, 
M, V for reproducing color ColB. Since color ColB is closer in hue to cyan ink C 
than is color ColA, cyan ink C is used in relatively large proportion even in 
cases where violet ink V is used preferentially. In the example of Fig. 25(d), 
cyan ink C quantity is 10, magenta ink M quantity is 0, and violet ink V 
quantity is 15. In this example, as in Fig. 25(b), the combination having the 
largest violet ink V quantity is shown. 

[0228] In the example of Fig. 25(d), the sum of quantities of inks other than 
violet ink V, which makes ten, is smaller than a value that is double the ink 
quantity of violet ink V, which makes 30. Accordingly, in bright areas, violet 
ink V ink dots will tend to stand out, possibly precluding adequate 
improvement of graininess. 

[0229] Fig. 25(e) illustrates another example of ink quantities of the three 
inks C, M, V for reproducing color ColB. The difference from Fig. 25(d) is that 
the violet ink V quantity is smaller, and the cyan ink C and magenta ink M 
quantities are larger. Specifically, cyan ink C quantity is 15, magenta ink M 
quantity is 5, and violet ink V quantity is 10. These ink quantities are a 
combination of ink quantities derived on the basis of ink quantities in Fig. 
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25(d), by substituting an violet ink V in quantity = 5 with cyan ink C in 
quantity = 5 and magenta ink M in quantity = 5. 

[0230] In the example of Fig. 25(e), the sum of quantities of inks other than 
violet ink V, which makes 20, is about double the ink quantity of violet ink V, 
5 which makes 10. Accordingly, as relates to color ColB, graininess can be 
improved where the violet ink V ink quantity usage rate is 67% (=10/15). 
[0231] In this way, as relates to a color ColA of hue relatively close to that of 
a spot color ink, reproduction using the spot color ink preferentially results in 
smaller quantities of other inks. Accordingly, to improve graininess, it is 

10 desirable to have a small usage rate of spot color ink. As relates to a color 
ColB of hue relatively close to that of a chromatic primary color ink, on the 
other hand, even where reproduction uses the spot color ink preferentially, ink 
quantities of other inks maintain relatively large values. Accordingly, 
graininess can be improved even with the spot color ink usage rate set to a 

15 relatively high value. Also, where spot color ink usage rate is set to a 
relatively high value, total ink quantity of all inks is smaller than when set to 
a low usage rate, thereby providing savings in ink usage. 

[0232] Incidentally, this can be considered in terms of the relationship 
between spot color ink usage rate and quantities of inks other than spot color 

20 ink, instead of the relationship between spot color ink usage rate and hue. As 
shown in Figs. 25(a) -25(e), when hue is relatively close to a chromatic primary 
color ink, quantities of other inks maintain relatively large values even with a 
large ink quantity of spot color ink. On the other hand, when hue is relatively 
close to a spot color ink, a larger quantity of spot color ink results in smaller 

25 quantities of other inks. Accordingly, by increasing the spot color ink usage 
rate when quantities of other inks are large and reducing the spot color ink 
usage rate when quantities of other inks are small, graininess can be improved 
appropriately depending on hue. 

[0233] The relationship between spot color ink usage rate and quantities of 
30 inks other than spot color ink discussed above can be considered analogously 
even when the number of inks is increased. In such instances as well, in 
preferred practice the spot color ink usage rate when quantities of other inks 
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are small will preferably be set smaller than the usage rate when quantities of 
other inks are large. By so doing, graininess in bright areas can be improved, 
and savings in ink usage obtained. 

[0234] In Step S1600 in Fig. 24, residual ink quantities RES_R, RES_V 

5 corresponding to the spot color inks R, V are calculated. In this Example, 

residual ink quantities RES_R, RES_V are represented by the following 

equations, using ink quantities included in the provisional color separation ink 

quantity set P calculated in Step S1510 of Fig. 23. 

[0235] 

10 [Eq. 2-1] 

RES _R = Cp + Mp + Yp + Vp 
RES _V = Cp + Mp + Yp + Rp 

[0236] In the equations, Cp, Mp, Yp, Rp and Vp are ink quantities included 
in the provisional color separation ink quantity set P. The residual ink 
quantity RES_R corresponding to red ink R is the sum of quantities of inks 

15 other than red ink R. The residual ink quantity RES_V corresponding to violet 
ink V is the sum of quantities of inks other than violet ink V. 
[0237] Next, in Step S1610, temporary ink quantities Rtmp, Vtmp for the 
spot color inks R, V are determined from the residual ink quantities RES_R, 
RES_V and the provisional color separation ink quantity set P. Fig. 26(a) 

20 shows a graph for calculating temporary ink quantity Rtmp from the 
provisional color separation ink quantity Rp of red ink R. Graph L10 is a 
graph corresponding to a relatively large residual ink quantity RES_R10, 
while graph L20 is a graph corresponding to a relatively small residual ink 
quantity RES_R20. For example, graph L10 corresponds to the case of Fig. 

25 25(d) and 25(e), and graph L20 corresponds to the case of Fig. 25(b) and 25(c). 
[0238] Following is a description of the relationship between temporary ink 
quantity Rtmp and provisional color separation ink quantity Rp, taking the 
example of graph L10. Over a first range Rl in which provisional color 
separation ink quantity Rp goes from zero to a first value RslO, temporary ink 

30 quantity Rtmp is set to zero. Over a second range R2 in which provisional 
color separation ink quantity Rp goes from first value RslO to a second value 
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Re 10, temporary ink quantity Rtmp rises in linear fashion from zero. However, 
in second range R2 the temporary ink quantity Rtmp is maintained at a value 
smaller than the provisional color separation ink quantity Rp. Over a third 
range R3 in which provisional color separation ink quantity Rp is equal to or 
5 greater than second value Re 10, temporary ink quantity Rtmp is set a value 
equal to the provisional color separation ink quantity Rp. 

[0239] As in graph L10, in graph L20 corresponding to a relatively small 
residual ink quantity RES_R20, temporary ink quantity Rtmp is set according 
to a first value Rs20 and a second value Re20. However, the first value Rs20 is 

10 set to a value greater than the first value RslO of graph L10, and the second 
value Re20 is set to a value greater than the second value Re 10 of graph L10. 
Accordingly, for a given value of provisional color separation ink quantity Rp, a 
relatively large temporary ink quantity Rtmp can be derived when residual ink 
quantity RES_R is relatively large. 

15 [0240] Fig. 26(b) is a graph showing the proportion k of temporary ink 
quantity Rtmp with respect of provisional color separation ink quantity Rp. 
Taking the example of the proportion klO corresponding to residual ink 
quantity RES_R10, as will be understood from the graph, proportion klO is 
zero in first range Rl, and in second range R2 increases at a constant rate 

20 from zero to 1. In third range R3, proportion klO is constant at 1. 

[0241] As regards the proportion k20 corresponding to residual ink quantity 
RES_R20 as well, the manner of change of proportion k20 in each of the first to 
third ranges R201 -R203 is similar to the manner of change of proportion klO. 
For a given value of provisional color separation ink quantity Rp, a relatively 

25 large proportion k can be derived when residual ink quantity RES_R is 
relatively large. 

[0242] The reason that the manner of change of temporary ink quantity 
Rtmp relative to change of provisional color separation ink quantity Rp is set 
as shown in Figs. 26(a) and 26(b) is described hereinbelow, taking the example 
30 of graph L10. When provisional color separation ink quantity Rp is small, an 
image reproduced with reproduction color thereof will frequently be a so-called 
highlight area (high lightness area). The spot color inks R, V are characterized 
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by higher saturation and density than the chromatic primary color inks. Since 
dots of spot color inks have high saturation and density, they tend to stand out 
in highlight areas, with the possibility of exacerbating graininess of the image. 
Accordingly, in highlight areas, it is preferable for quantities of spot color inks 
5 to be small. Since decreasing quantities of spot color inks also increases 
quantities of chromatic primary color inks, total ink quantity increases as well. 
In this aspect as well, graininess of an image can be improved by decreasing 
quantities of spot color inks in highlight areas. Accordingly, in first range Rl 
in Fig. 26(a), formation of dots of spot color ink in highlight areas is avoided by 
10 setting the spot color ink quantity Rtmp to zero. By so doing, graininess of an 
image in highlight areas can be markedly improved. 

[0243] On the other hand, in third range R3 wherein provisional color 
separation ink quantity Rp is a large value, it is preferable to increase the 
quantity of spot color ink, so as to increase the saturation of the image. 

15 Accordingly, in the range R3, the provisional color separation ink quantity Rp 
is used as-is as the temporary ink quantity Rtmp. In the second range R2, 
temporary ink quantity Rtmp increases in linear fashion so that temporary ink 
quantity Rtmp does not change in stepwise fashion over the three ranges Rl - 
R3, but rather changes smoothly. Alternatively, temporary ink quantity Rtmp 

20 may change along a curve, instead of changing in linear fashion. Typically, it 
is preferable for temporary ink quantity Rtmp to change continuously at a 
constant rate of increase. 

[0244] Since a red component of provisional color separation ink quantity 
Rp relating to a given reproduction color represents the density of the red ink 

25 component of that reproduction color, this ink quantity Ro can be thought of as 
an index indicating lightness for the red ink component. When the red 
component of provisional color separation ink quantity Rp relating to a given 
reproduction color is large, lightness of the reproduction color tends to be low. 
Accordingly, the provisional color separation ink quantity Rp can be thought of 

30 as a lightness parameter value correlated to lightness of the reproduction color. 
[0245] The reason that the manner of change of temporary ink quantity 
Rtmp relative to change of residual ink quantity RES_R is set as shown in Figs. 
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26 (a) and 26(b) is as follows. In many instances, when residual ink quantity 
RES_R is small, the hue of the reproduction color thereof is often close to that 
of a spot color ink. Where such reproduction color is reproduced using spot 
color ink preferentially, quantities of the plurality of chromatic primary color 
inks are reduced, so that the total number of ink dots is smaller. As a result, 
ink dots of spot color ink tend to stand out in bright areas, with the possibility 
of exacerbating graininess of the image. On the other hand, when residual ink 
quantity RES_R is large, the hue of the reproduction color thereof is often far 
from that of a spot color ink. Even where such reproduction color is 
reproduced using spot color ink preferentially, ink quantities of the plurality of 
chromatic primary color inks are maintained at relatively large values, as 
compared to the case when residual ink quantity RES_R is small. As a result, 
the total number of ink dots does not assume a small value, so that ink usage 
can be reduced without exacerbating graininess of the image. Accordingly, in 
Figs. 26 (a) and 26(b), for a given lightness parameter value Rp, it is possible 
to derive a larger proportion k when residual ink quantity RESJR, is large. By 
so doing, graininess can be improved, and savings in ink usage attained. 
[0246] In this Example, residual ink quantity RES_R is calculated on the 
basis of provisional color separation ink quantity Rp. Accordingly, where 
temporary ink quantity Rtmp determined on the basis of residual ink quantity 
RES_R is greater than the provisional color separation ink quantity Rp, 
chromatic primary color ink quantities will be smaller than intended, with the 
possibility of exacerbating graininess of the image in bright areas. Accordingly, 
in the example of Figs. 26 (a) and 26(b), temporary ink quantity Rtmp is set to 
a value that does not exceed the provisional color separation ink quantity Rp. 
By so doing, graininess can be improved, and savings in ink usage attained. 
Proportion k shown in Fig. 26(b) can be thought of as corresponding to spot 
color ink usage rate in the present invention. 

[0247] In certain instances, over a portion of the entire range of possible 
values of residual ink quantity RES_R, the spot color ink usage rate k remains 
a constant value despite change of residual ink quantity RES_R. For example, 
in the example of Fig. 26(b), when the lightness parameter value Rp = Re 10, 
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the spot color ink usage rate k remains a constant value of 1 even when 
residual ink quantity RES_R is greater than RES_R10. Accordingly, in bright 
areas, the hue of reproduction color is within a range close to a chromatic 
primary color ink determined according to residual ink quantity RES_R. 
5 When the lightness parameter value Rp = Rs20, the spot color ink usage rate k 
remains a constant value of 0 even when residual ink quantity RES_R is less 
than residual ink quantity RES_R20. Accordingly, in bright areas, the hue of 
reproduction color is within a range close to a spot color ink determined 
according to residual ink quantity RES_R. In this way, as a result of 

10 determining spot color ink usage rate k by means of attempting to improve 
graininess and save ink, spot color ink usage rate k may in some instances ■■ 
depending on the value of the lightness parameter value Rp-- assume a 
constant value over a portion of the hue range. Where spot color ink usage 
rate k is a variable value based on hue, i.e., residual ink quantity RES_R, over 

15 at least a part of the entire range of hue in this way, graininess can be 
improved, and savings in ink usage attained. 

[0248] In this Example, the spot color ink usage rate k is set to zero when 
the lightness parameter value Rp is equal to or less than a first value 
determined according to residual ink quantity RES_R (in range Rl or R201 in 

20 Figs. 26 (a), 26(b)). Here, when residual ink quantity RES_R has its maximum 
possible value, the first value is preferably set larger than zero (hereinafter 
referred to as first high lightness base value). By so doing, in the highest 
lightness area where the lightness parameter value Rp is in a partial range of 
lower than the first high lightness base value, the spot color ink usage rate k is 

25 set to zero regardless of the residual ink quantity RES_R, i.e., reproduction 
color hue. As a result, standing out of spot color ink in bright areas can be 
reduced, and graininess of an image improved. In preferred practice, where 
the range of possible values for the lightness parameter value is 0% (bright) to 
100% (dark), such a first high lightness base value will be a bright range of 5% 

30 or less, preferably a bright range of 10% or less, and most preferably a bright 
range of 15% or less. 
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[0249] Also, in this Example, when the lightness parameter value Rp is in a 
bright range smaller than a second high lightness base value the spot color ink 
usage rate k is variable on the basis of hue, i.e. residual ink quantity RES_R. 
Here, the second high lightness base value is a second value when residual ink 
quantity RES_R is zero (not shown). As described above, in a range wherein 
the lightness parameter value Rp is smaller than the first high lightness base 
value, spot color ink usage rate k is set to zero irrespective of residual ink 
quantity RES_R. In this way, where in at least part of the entire range of the 
lightness parameter value Rp (in this Example, the range smaller than the 
second high lightness base value), spot color ink usage rate k is variable on the 
basis of residual ink quantity RES_R, graininess can be improved, and savings 
in ink usage attained. 

[0250] As regards violet ink V, temporary ink quantity Vtmp can be 
determined from provisional color separation ink quantity Vp according to the 
same method as for red ink R. 

[0251] The processes of Steps S1620, S1630 of Fig. 24 are identical to the 
processes of Steps S610, S620 of Fig. 9. That is, in Step S1620 of Fig. 24, final 
color separation ink quantities Ro, Vo are determined from temporary ink 
quantities Rtmp, Vtmp. In Step S1630, there are determined ink quantities 
Co, Mo, Yo for the other inks which, in conjunction with the final color 
separation ink quantity pair Ro, Vo determined in this manner, are needed to 
reproduce a desired reproduction color. As a result, a color separation ink 
quantity set (Co, Mo, Yo, Ro, Vo) for reproducing a desired reproduction color 
is determined. 

[0252] In this way, in Example 1 of the color separation process in 
Embodiment 2, final color separation ink quantity Ro, Vo of each spot color ink 
R, V is designed to decrease with a smaller lightness parameter value 
(provisional color separation ink quantity) Rp, Vp thereof, thereby decreasing 
the number of ink dots of spot color ink and increasing the number of ink dots 
of chromatic primary color ink in highlight areas. A resultant advantage is 
that image graininess in highlight areas is improved. In particular, since 
temporary ink quantities Rtmp, Vtmp are set to zero in a first range wherein 
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provisional color separation ink quantities Rp, Vp are relatively small (in the 
example of Fig. 26(a), range Rl or range R201), final color separation ink 
quantities Ro, Vo in highlight areas are also set to zero, and graininess of the 
image is markedly improved. It is also possible to set temporary ink quantities 
5 Rtmp, Vtmp to some relatively small non-zero value in this first range Rl or 
R201. 

[0253] Further, the spot color ink usage rate k of the final color separation 
ink quantity Ro, Vo (Fig. 26(b)) of each spot color ink R, V is designed to 
increase with a larger residual ink quantity RES_R, RES_V, thereby 

10 improving graininess in highlight areas, as well as providing ink savings. 

[0254] In some instances, the tendency of ink dots to stand out (i.e. effect on 
graininess) differs depending on the type of ink. Accordingly, adjustment of 
spot color ink usage rate depending on residual ink quantity RES_R, RES_V as 
in Fig. 26(a) is preferably carried out independently for each range of hues 

1 5 reproducible with combinations of a single given chromatic primary color ink 
and a single given spot color ink. For example, hues between cyan ink C and 
violet ink V are reproducible with combinations of cyan ink C and violet ink V. 
Color within this hue range is reproduced using principally cyan ink C and 
violet ink V when bright. Hues between magenta ink M and red ink R are 

20 reproducible with combinations of magenta ink M and red ink R. By setting 
usage rates of spot color inks independently depending on the combination of 
ink types principally used, improved graininess according to the 
characteristics of individual inks, as well as ink savings, are attained. 

25 [0255] D2. Examples 1 -3 of Final Color Separation Ink Quantity Calculation 
Process in Embodiment 2- 

[0256] D2-1. Example 1 of Final Color Separation Ink Quantity Calculation 
Process in Embodiment 2'- 

In the final color separation ink quantity set calculation process, a 
30 final color separation ink quantity set O is calculated using the provisional 
color separation ink quantity set P for input color I. The final color separation 
ink quantity set O is calculated so that it reproduces a color, in a range 
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meeting ink duty limits (Condition 1-1 described in Embodiment l), which is 
substantially identical to a color reproduced by the provisional color separation 
ink quantity set P. In order to reproduce color substantially identical to that of 
the provisional color separation ink quantity set P, a combination of ink 
5 quantities derived by substituting some ink quantities of the provisional color 
separation ink quantity set P according to the substitution ink quantities is 
used as the final color separation ink quantity set O. Here, the degree of 
freedom in ink substitution is greater the larger the number of ink types used. 
Accordingly, in some instances there are a plurality of ink quantity 
10 combinations possible to use as the final color separation ink quantity set O. 
In such instances, calculation of the final color separation ink quantity set O is 
carried out with consideration to improving graininess of the image, and to 
saving ink. 

[0257] Fig. 27 is a flowchart depicting the processing routine for calculating 
15 a final color separation ink quantity set in this Example. A difference from the 
process shown in Fig. 24 is that residual ink quantities RES_R2, RES_V2 and 
temporary ink quantities Rtmp, Vtmp are determined on the basis of 
maximum ink quantities Rmax, Vmax which are quantities of the spot color 
inks R, V when they are used as much as possible. 
20 [0258] In the initial Step S1300, a spot color maximum color separation ink 
quantity set Prmax(Crmax, Mrmax, Yrmax, Rmax, 0), Pvmax (Cvmax, Mvmax, 
Yvmax, 0, Vmax) for each spot color ink R, V is calculated. These spot color 
maximum color separation ink quantity sets Prmax, Pvmax are color 
separation ink quantity sets derived by substitution of some ink quantities of 
25 provisional color separation ink quantity sets P according to the substitution 
ink quantities. 

[0259] The red ink R quantity in the spot color maximum color separation 
ink quantity set Prmax for red ink represents the maximum value assumable 
by red ink R quantity when ink quantities of the provisional color separation 
30 ink quantity set P has been substituted according to the substitution ink 
quantity. In this Example, maximum ink quantity Rmax is a maximum value 
that does not take ink duty limits into consideration. Accordingly, the 
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maximum value assumable by red ink R of the final color separation ink 
quantity in actual practice may in some instances be smaller than the 
maximum ink quantity Rmax. A maximum value that takes ink duty limits 
into consideration can be used instead. 
5 [0260] Even with red ink R quantity at its maximum value Rmax in this way, 
in some instances there will be a plurality of available combinations of ink 
quantities of violet ink and the chromatic primary color inks C, M, Y. In this 
Example, in such instances, a combination in which ink quantity of the other 
spot color ink (in this Example, violet ink V) is zero is selected from among the 
10 plurality of combinations, for use as spot color maximum color separation ink 
quantity set Prmax. 

[0261] As regards the spot color maximum color separation ink quantity set 
Pvmax, calculation thereof is analogous to that for the spot color maximum 
color separation ink quantity set Prmax. 

15 [0262] In the next Step S1310, residual ink quantities RES_R2, RES_V2 for 
the spot color inks R, V are determined from the spot color maximum color 
separation ink quantity sets Prmax, Pvmax. In this Example, residual ink 
quantities RESJR2, RES_V2 are calculated by the following equations, using 
ink quantities included in the spot color maximum color separation ink 

20 quantity sets Prmax, Pvmax derived in Step SI 300. 
[0263] 

[Equation 2-2] 

RES _ R2 = krc x Cr max + krm x Mr max + kry x Yr max 
RES _ V2 = kvc x Cv max + kvm x Mv max + kvy x Yv max 

[0264] In the equations, Crmax, Mrmax and Yrmax are ink quantities of the 
25 colors CMY included in spot color maximum color separation ink quantity set 
Prmax; Cvmax, Mvmax and Yvmax are ink quantities of the colors CMY 
included in spot color maximum color separation ink quantity set Pvmax. 
Coefficients krc, krm, kry and kvc, kvm, kvy are predetermined coefficients for 
the colors CMYRV. In this way, residual ink quantity RESJR2 is the weighted 
30 sum of ink quantities other than red ink R, and residual ink quantity RES_V2 
is the weighted sum of ink quantities other than violet ink V. In Equation 2*1 
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given earlier, all ink coefficients are 1. However, residual ink quantity can be 
represented by some other coefficient for quantities of inks other than the spot 
color ink of interest. In general, residual ink quantity can be any parameter 
value relating to magnitude of quantities of inks other than the spot color ink 
5 of interest. 

[0265] These coefficients krc kry and kvc -kvy are determined according to 
effect on the tendency of dots of the spot color ink to stand out. For inks whose 
ink dots have high reflection density, the tendency of dots of the spot color ink 
to stand out can be avoided through smaller ink quantity. Accordingly, it is 

10 preferable for the coefficient to be greater, the higher the reflection density of 
an ink. The smaller the difference in color appearance from a spot color ink, 
the less likely dots of a spot color ink can be made to stand out with a small 
ink quantity, so it is preferable to set the coefficient to a larger value. 
[0266] Here, comparison of reflection density of ink dots produced by a 

15 plurality of types of inks may be carried out by ejecting equal quantities of inks 
onto a given print medium, and measuring density with a densitometer. 
Comparison of color appearance may be carried out by ejecting equal 
quantities of inks onto a given print medium, performing colorimetric 
measurement of each with a colorimeter, and calculating color difference (for 

20 example, color difference AE in the L*a*b* color system) from the colorimetric 
results. As will be described later, these coefficients krc -kry and kvc -kvy can 
be determined on the basis of a sensory test. 

[0267] In the next Step S1320, temporary ink quantities Rtmp, Vtmp of the 
spot color inks R, V are determined. Fig. 28(a) is a graph of the relationship 

25 between temporary ink quantity Rtmp and maximum ink quantity Rmax. Fig. 
28(b) is a graph of the relationship between the proportion k of temporary ink 
quantity Rtmp to maximum ink quantity Rmax (corresponds to spot color ink 
usage rate in the invention), and maximum ink quantity Rmax. 
[0268] In this Example, as shown in Fig. 28(a), temporary ink quantity Rtmp 

30 is smaller in association with smaller values of maximum ink quantity Rmax. 
Also, as shown in Fig. 28(b), the proportion k of temporary ink quantity Rtmp 
to maximum ink quantity Rmax is smaller in association with smaller values 
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of maximum ink quantity Rmax. In this example, two values Rstart, Rend are 
set for the maximum ink quantity Rmax. In a first range Rll wherein Rmax < 
Rstart, the setting Rtmp = 0 (k = 0) is used. Over a third range R13 in which 
Rend < Rmax, the setting is Rtmp = Rmax (k = l). Over a second range R12 in 
5 which Rstart < Rmax < Rend, temporary ink quantity Rtmp is set so as to 
change in linear fashion. 

[0269] These settings in relation to temporary ink quantity Rtmp may be 
understood as follows. Spot color ink is substitutable for a plurality of 
chromatic primary color inks. Thus, where spot color ink is used preferentially, 
10 ink quantities of the plurality of chromatic primary color inks according to 
substitution ink quantities are reduced, so that a smaller total number of ink 
dots is recorded onto the print medium. On the other hand, where chromatic 
primary color inks are used preferentially, the total number of ink dots is 
greater. Such difference in the number of ink dots depending on ink quantity 

15 combination is particularly marked in instances where chromatic primary 
color inks may be substituted by spot color ink, in a smaller quantity than the 
total value of the ink quantities. Also, graininess in a reproduced area 
(roughness of an image) tends to stand out more the smaller the number of ink 
dots. Thus, it is preferable in terms of improving image graininess to increase 

20 the number of ink dots in areas having smaller ink quantity, i.e., fewer ink 
dots, by means of using chromatic primary color inks in place of spot color ink. 
In the example of Fig. 28(b), proportion k is designed to be smaller in 
association with smaller levels of maximum ink quantity Rmax. Thus, by 
making quantity of red ink R comparable to the temporary ink quantity Rtmp, 

25 it is possible to improve graininess in a reproduced area. 

[0270] In the example of Fig. 28(a), Rtmp is zero over the first range Rll. 
That is, in particularly bright areas, temporary ink quantity Rtmp is set to a 
value (namely zero) that increases the number of ink dots as much as possible, 
without the use of spot color ink. By setting the quantity of red ink R to zero 

30 in this way, standing out of dots of red ink R can be avoided. 

[0271] Here, the first value Rstart refers to an ink quantity such that, as 
long as ink quantity is equal to or greater than this value, ink dots will not 
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readily stand out despite the use of red ink R. Resistance to standing out of 
dots of red in R varies depending on residual ink quantity RES_R2. With 
larger residual ink quantity RES_R2, red ink R dots stand out less, making it 
possible to increase the quantity of red ink R. Accordingly, in this Example, 
5 Rstart is made smaller in association with larger values of RES_R2, by means 
of establishing Rstart on the basis of the following equation. 
[0272] 

[Equation 2-3] 

Rstart = Crs -RES _R2 

10 [0273] In the equation, Crs is a predetermined constant. This constant Crs 
and the coefficients krc -kry (Equation 2 -2) for residual ink quantity RES_R2 
can be established on the basis of a sensory test such as the following, for 
example. First, a gradation pattern in which red ink R quantity per unit of 
area (hereinafter termed "index red ink quantity ") varies from 0 to 100% is 

15 reproduced with a mixture of magenta ink M and yellow ink Y. Ink dots of red 
ink R are then printed at appropriate intervals in the pattern. In the range of 
small index red ink quantity, red ink R dots tend to stand out, but in the range 
of large index red ink quantity, red ink R dots tend not to stand out. The index 
red ink quantity at which dots begin to not stand out (hereinafter termed "first 

20 threshold red ink quantity") can be used as constant Crs. 

[0274] As regards the coefficients krc -kry, these may be established as 
follows. A gradation pattern derived by adding a given quantity of cyan ink C 
to a mixture of magenta ink M and yellow ink Y based on index red ink 
quantity is reproduced. At this time, the first threshold red ink quantity is 

25 smaller in association with a larger quantity of cyan ink C. The change in first 
threshold red ink quantity relative to change in quantity of cyan ink C can be 
used as coefficient krc. As regards the other coefficients krm, kry, these may 
be arrived at in similar fashion, using gradation patterns derived by adding a 
given quantity of each ink. 

30 [0275] In the example of Figs. 28(a) and 28(b), the setting Rtmp = Rmax is 
used in the third range R13. That is, over a range in which ink quantity is 
particularly large, temporary ink quantity Rtmp is set to a value that 
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preferentially uses red ink R (i.e., the maximum ink quantity Rmax). By 
setting the quantity for red ink R to a large value in this way, total ink 
quantity used can be minimized. As a result, savings in quantity of ink used 
are provided, and wrinkling of print media can be avoided. 
5 [0276] Here, the second value Rend means an ink quantity such that, as long 
as ink quantity is equal to or greater than this value, there begins to be no 
observable difference between graininess produced by red ink R and graininess 
produced by mixtures of other inks. In bright areas or high saturation areas, 
even if red ink R quantity is set to a large value, the red ink dots do not readily 

10 stand out owing to the large number of dots. Where residual ink quantity 
RES_R is large, dots of red ink R are even less likely to stand out, making it 
possible to further increase the ink quantity of red ink R. Accordingly, in this 
Example, Rend is made smaller in association with larger values of RES_R2, 
by means of establishing Rend on the basis of the following equation. 

15 [0277] 

[Equation 2-4] 

Rend = Cre - RES _ R2 

[0278] In the equation, Cre is a predetermined constant. This constant Cre 
can be established on the basis of a sensory test such as the following, for 

20 example. First, a gradation pattern in which red ink R quantity per unit of 
area (hereinafter termed "index red ink quantity ") varies from 0 to 100% is 
reproduced with a mixture of magenta ink M and yellow ink Y. In similar 
fashion, a gradation pattern in which index red ink quantity varies from 0 to 
100% is reproduced using red ink R. In the range of small index red ink 

25 quantity, the gradation pattern produced by the color mixture has more ink 
dots and accordingly better graininess. In the range of large index red ink 
quantity, each of the two gradation patterns has a large number of ink dots, so 
the difference in graininess starts to disappear. The index red ink quantity at 
which difference in graininess apparent from comparison of the two gradation 

30 patterns begins to disappear (hereinafter termed "second threshold red ink 
quantity") can be used as constant Cre. 
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[0279] As regards the coefficients krc -kry for residual ink quantity RES_R2, 
these may be established as follows. When determining coefficient krc, for 
example, a gradation pattern is printed with a given additional quantity of 
cyan ink C added to a mixture of magenta ink M and yellow ink Y 
5 corresponding to index red ink quantity variation, and another gradation 
pattern is also printed with the same additional quantity of cyan ink C to the 
red ink R quantities of the index red ink quantity variation. When the 
patterns are compared, the second threshold red ink quantity is smaller, the 
greater the quantity of added ink. The change in second threshold red ink 
10 quantity relative to change in quantity of added ink can be used as coefficient 
krc. As regards the other coefficients krm, kry, these may be arrived at in 
similar fashion. 

[0280] In this Example, coefficients krc -kry, i.e. residual ink quantity 
RES_R2, are used in common for the first and second values Rstart, Rend. 
15 Where effects of inks C, M, Y on first and second values Rstart, Rend differ, it 
is preferable to set residual ink quantity RES_R2 independently for the first 
and second values Rstart, Rend. 

[0281] Where a particular ink having minimal effect on the first and second 
values Rstart, Rend, that is, ink that, despite being increased in quantity, 

20 attains no reduction in the tendency of spot color ink dots to stand out, it is 
preferable to set the coefficient for that particular ink to zero. For example, 
where the reflection density of ink dots of yellow ink Y is low and, despite 
being increased in quantity, the tendency of red ink R dots to stand out is 
unchanged, it is preferable to set the coefficient kry for yellow ink Y to zero. 

25 By so doing, even if reproduction color hue is close to yellow ink Y, since the 
usage rate of red ink R (proportion k) is not large, standing out of dots of red 
ink R can be avoided. Where reproduction color hue is close to magenta ink M, 
since the usage rate of red ink R (proportion k) is set to a relatively large value, 
ink savings are attained. Similarly, where the tendency of violet ink V dots to 

30 stand out is unchanged despite increasing the ink quantity of yellow ink K, 
coefficient kry can be set to zero. When reproduction color hue is relatively 
close to cyan ink C or magenta ink M, since the usage rate of violet ink V is set 
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to a relatively large value, ink savings are attained. It is also possible to set 
kry, kvy to relatively small, non zero values. 

[0282] By setting first and second values Rstart, Rend in the above manner, 
the usage rate k for a particular maximum ink quantity Rmax is relatively 
5 large when the residual ink quantity RES_R2 is relatively large. Further, 
residual ink quantity RES_R2 is determined in consideration of ink 
characteristics. Accordingly, graininess can be improved appropriately 
depending on ink characteristics. When residual ink quantity RES_R2 is 
relatively large, since usage rate k becomes relatively large, ink quantity of 

10 spot color ink can be increased, and quantities of the plurality of chromatic 
primary color inks can be reduced. Accordingly, ink savings can be achieved 
appropriately depending on ink characteristics. In this Example, usage rate k 
is calculated on the basis of maximum ink quantity when spot color ink is used 
as much as possible. Accordingly, the available range of spot color ink 

15 quantity can be utilized effectively. 

[0283] Maximum ink quantity Rmax may also be thought of as an index 
value indicative of lightness of input color I, that is, a lightness parameter 
value correlated to lightness of reproduction color. In a bright area, quantity 
of each ink for reproducing the color is small. Accordingly, the maximum ink 

20 quantity Rmax of red ink R is small as well. In a dark area, on the other hand, 
quantity of each ink for reproducing the color is greater. Accordingly, in an 
area in which red ink R is used, the maximum ink quantity Rmax thereof will 
be greater. That is, a smaller value of maximum ink quantity Rmax indicates 
a brighter area, and a larger value indicates a darker area. Accordingly, 

25 temporary ink quantity Rtmp and proportion k in Fig. 27 may be thought of as 
being set so as to be smaller with greater lightness of input color I. 
[0284] Temporary ink quantity Rtmp is designed to vary continuously over 
the entire range for maximum ink quantity Rmax. By so doing, in gradation 
areas over which ink quantity varies continuously, sharp changes in quantity 

30 of each color ink, and resulting standing out of boundaries, can be avoided. 
Temporary ink quantity Rtmp is not limited to an arrangement whereby it 
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varies in linear fashion with respect to maximum ink quantity RmaxJ it could 
instead be designed to vary smoothly using a curve, for example. 
[0285] While Figs. 28(a) and 28(b) show calculation of temporary ink 
quantity Rtmp of red ink R, temporary ink quantity of other types of spot color 
5 ink could be calculated in the same manner. In any case, the design is such 
that the proportion of temporary ink quantity to maximum ink quantity 
decreases with smaller maximum ink quantity. By so doing, the number of ink 
dots can be increased by preferentially using chromatic primary color ink in 
place of spot color ink, so that graininess can be improved. 
10 [0286] Here, it is preferable to design the spot color ink usage rate so as to be 
smaller when residual ink quantity is relatively small. By so doing, graininess 
can be improved, and ink savings attained. 

[0287] The processes of Steps S1330, S1340 in Fig. 27 are the same as the 
processes of Steps S310, S320 of Fig. 15. That is, in Step S1330 of Fig. 27, 

15 calculation of final color separation ink quantities Ro, Vo for spot color inks R, 
V is performed on the basis of temporary ink quantities Rtmp, Vtmp of spot 
color inks R,V established in the aforementioned Step S1320. 
[0288] As described hereinabove, the final color separation ink quantity set 
calculation process of this Example is carried out with consideration to 

20 improving graininess. Where an image area to be reproduced is bright, 
quantity of each color of ink is small. Since less spot color ink is used and 
more chromatic primary color ink is used in such area, graininess can be 
improved. 

[0289] In an area of particularly high lightness, each quantity of an ink set is 
25 much smaller relative to ink duty limits. Accordingly, ink duty limits can still 
be met with a combination of greater ink quantities. As a result, where 
temporary ink quantities Rtmp, Vtmp of the spot color inks are zero, final color 
separation ink quantities Ro, Vo can be brought to zero. That is, in an area of 
particularly high lightness, color is reproduced without the use of spot color 
30 inks, and thus in such particularly bright areas, standing out of ink dots of 
spot color ink can be avoided. 
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[0290] When residual ink quantities RES_R2, RES_V2 are relatively small, 
quantities of spot color inks R, V become relatively small; and when residual 
ink quantities RES_R2, RES_V2 are relatively large, quantities of spot color 
inks R, V become relatively large. Accordingly, it is possible to improve 
5 graininess while attaining ink savings, as well as preventing wrinkling of print 
media. 

[0291] In this Example, the final color separation ink quantity set 
calculation process is performed according to the temporary ink quantity Rtmp, 
Vtmp established independently for each of the spot color inks, that is, to the 

10 effect of each ink on graininess. As a result, graininess may be improved 
appropriately in consideration of the effect of each spot color ink. 
[0292] This sort of final color separation ink quantity set calculation process 
may be carried out in similar fashion even where more types of spot color ink 
are used. For example, where three spot color inks are used, first, a temporary 

15 ink quantity is calculated for each ink. Next, a combination of ink quantities 
represented by a point situated within a permissible range (represented by a 
solid in a color space in which the three ink quantities are represented by base 
vectors) and close to a point represented by a temporary ink quantity set is 
used as a final color separation ink quantity set of spot color ink. In this case 

20 as well, where a final color separation ink quantity set is calculated according 
to the positional relationship of the permissible range and a straight line 
passing through a point represented by a temporary ink quantity set, the final 
color separation ink quantity set can be calculated in consideration of the 
balance of effect of each spot color ink on graininess. 

25 [0293] As described hereinabove, the final color separation ink quantity set 
calculation process of this Example is carried out in consideration of improving 
graininess, whereby roughness of images in bright areas thereof can be 
reduced. 

30 [0294] D2-2. Example 2 of Final Color Separation Ink Quantity Calculation 
Process in Embodiment 2: 
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Example 2 is different from the above Example 1 in that temporary 
ink quantity Rtmp is established depending on lightness L of reproduction 
color. Fig. 29 is a graph of the relationship between lightness L, and the 
proportion k of temporary ink quantity Rtmp versus maximum ink quantity 
5 Rmax. 

[0295] When provisional color separation ink quantity set P is expressed in a 
primary color space (Fig. 13(a)), the distance between a point produced by 
projecting point P onto the achromatic color axis (the straight line connecting 
the origin W and a point K) and the origin W may be used as lightness L of the 

10 reproduction color. Here, greater distance from the origin W indicates lower 
lightness. As the maximum ink quantity Rmax, there may be used the 
maximum value assumable by the quantity of red ink R, among combinations 
of ink quantities able to reproduce a color substantially identical to the color to 
be reproduced by provisional color separation ink quantity set P. 

15 [0296] In this Example, as shown in Fig. 29, the proportion k of temporary 
ink quantity Rtmp to maximum ink quantity Rmax is set so as to be smaller 
the higher the lightness L of the reproduction color is, i.e. the brighter it is. 
Temporary ink quantity for the other spot color ink is set similarly. 
Accordingly, in an image area of high lightness L and small ink quantities of 

20 each ink, less spot color ink is used, and chromatic primary color ink is used 
preferentially to increase the number of ink dots, so that graininess can be 
improved. 

[0297] In the brightest range R21 wherein Lstart < L, the setting Rtmp = 0 is 
used. As a result, in areas of particularly high lightness, colors are reproduced 

25 without spot color ink, so that standing out of ink dots of spot color ink can be 
prevented. In the darkest range R23 wherein L < Lend, the setting Rtmp = 
Rmax is used. As a result, in areas of particularly low lightness, colors are 
reproduced using spot color ink preferentially, thereby providing savings in 
quantity of ink used, and also preventing wrinkling of the print medium. 

30 [0298] The values Lstart, Lend for lightness L can be set in the same 
manner as Rstart, Rend in Fig. 28(a) described previously. For example, they 
can be set on the basis of a sensory test by comparing a spot color ink 
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gradation pattern reproduced while varying lightness L from minimum to 
maximum value, with a gradation pattern produced by a mixture of chromatic 
primary color inks. 

[0299] It is preferable to establish the first and second values Lstart, Lend so 
5 that they are larger the larger the value of residual ink quantity RES_R2 is. 
By so doing, graininess can be improved and ink savings attained. Preferably, 
Lstart, Lend will be established independently for each hue range reproducible 
by a combination of a single chromatic primary color ink and a single spot color 
ink. By so doing, graininess can be improved and ink savings attained, in an 

10 appropriate manner depending on hue. 

[0300] In this Example, as regards violet ink V, temporary ink quantity 
Vtmp depending on lightness L is established using the same method as for 
red ink R. Where even more spot color inks are used, temporary ink quantities 
can be established in similar fashion. 

15 [0301] As the final color separation ink quantity set calculation process of 
the color separation process of this Example, the method employed in the final 
color separation ink quantity set calculation process S1520 of the color 
separation process shown in Fig. 23 could be used instead of the various 
methods depicted in Figs. 27 -28 and Fig. 29. Similarly, as the color separation 

20 ink quantity set calculation process S1520 of the color separation process 
shown in Fig. 23, any of the various methods (Figs. 27 28, Fig. 29) employed 
in the final color separation ink quantity set calculation process of this 
Example could be used. 

25 [0302] D3. Other Example of Color Separation Process in Embodiment 2- 

Example 2 and Example 3 of the color separation process in 
Embodiment 1 described hereinabove may also be applied to Embodiment 2. 
However, when applying Example 3 of the color separation process in 
Embodiment 1 to Embodiment 2, it is preferable to add ink quantity of black 

30 ink K to residual ink quantity. For example, with regard to the residual ink 
quantities RES_R2, RES_V2 given in Equation 2-2 hereinabove, quantity of 
black ink K multiplied by a coefficient may be added in the same manner as 
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the chromatic primary color inks C, M, Y. The coefficient for black ink K can 
be determined analogously to coefficients for other inks. In this way, by 
determining ink quantities of the spot color inks R, V taking into consideration 
as well the quantity of black ink K, image graininess can be improved, and ink 
5 savings attained. 

[0303] When the color separation process of this Example is implemented in 
Step S20 of the color conversion lookup table creation process illustrated in Fig. 
6, the second tone value set consists quantities of the chromatic primary color 
inks CMY, spot color inks RV, and black ink K. Thus, in Step S30, color 
10 patches reproduced using the colors CMYRVK are created. 

[0304] E. Ink Set Variations: 

In the Examples described hereinabove, ink sets of various kinds 
other than the ink set depicted in Figs. 5(a)-5(c) can be employed. Figs. 30 -37 

15 illustrate ink components in additional Examples of such employable ink sets. 
Black ink K components and components of other color inks except their 
colorants are the same as in Fig. 5(a), and they are therefore not shown in the 
drawings. Differences from the ink set in Fig. 5(a) lie in partially different 
colorant type and density. As a result, these ink sets can improve reproduction 

20 of colors that are slightly different from one another. Accordingly, by selecting 
an ink set appropriate for the image it is desired to print, a printed result of 
higher picture quality can be obtained. 

[0305] The ink sets of Figs. 30 -45 include substitution ink quantities for red 
ink R and violet ink V respectively, derived by colorimetric measurement of 

25 color patches. In this way, total substitution ink quantity in each of these ink 
sets is 1.7 or greater. As a result, it is possible to reproduce higher saturation 
by using spot color ink in comparable quantity to a mixture of chromatic 
primary color inks. As a result, by utilizing spot color ink and chromatic 
primary color ink, it is possible to reproduce a wider range of color than the 

30 area reproducible with chromatic primary color ink only. 

[0306] Inks are not limited to the formulations shown in Fig. 5 and Figs. 30 - 
37 hereinabove; appropriate inks prepared according to other formulations 
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may be used as well. As regards the color and number of inks as well, these 
are not limited to the combinations hereinabove; for example, an arrangement 
wherein red ink R alone can be utilized as the spot color ink, or an 
arrangement wherein green ink or blue ink is used as a spot color ink is 
5 acceptable as well. However, it is preferable to use inks which in combination 
with one another can reproduce achromatic color as chromatic primary color 
inks, and to use inks having hue different from any of the chromatic primary 
color inks as spot color inks. By using ink sets composed in this manner, it is 
possible to execute color separation with consideration to extending the color 

10 reproduction range. 

[0307] As described hereinabove, in the preceding Examples, the final color 
separation ink quantity set calculation process is carried out with 
consideration to improving graininess, thereby reducing roughness of an image 
in bright areas thereof. Additionally, since quantity of spot color ink is 

15 determined on the basis of residual ink quantities, roughness of an image in 
bright areas thereof can be reduced, and ink savings attained. By using 
chromatic primary color ink and spot color ink, the color separation process 
can be performed on the basis of extended chromatic color of high tone value. 
Accordingly, it is a simple matter to perform a color separation process that 

20 takes into consideration an expanded color reproduction range. 

[0308] The final color separation ink quantity set calculation process is not 
limited to the processes described hereinabove! generally, any process would be 
acceptable as far as it adjusts each ink quantity of the color separation ink 
quantity set for reproducing a reproduction color such that quantity of spot 

25 color ink decreases at a rate of change greater than a rate of change of a 
lightness parameter when the lightness parameter changes in a lighter 
direction. 

[0309] F. Variations: 
30 The present invention is not limited to the Examples or embodiments 

set forth hereinabove, and may be reduced to practice in various other modes 
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without departing from the scope and spirit thereof. The following variations 
are possible, for example. 
[0310] Fl Variation l: 

In the preceding Examples, the hues of the inks of a useable ink set 
5 are different from one another; however, an arrangement wherein a plurality 
of types of ink having substantially identical hue but different densities are 
useable would be acceptable as well. In this case, by using inks of different 
densities depending on tone value of a hue, it is possible to improve graininess 
(image roughness) that tends to stand out more when there are small numbers 

10 ink dots, as well as to reduce banding (striped patterns) that tends to stand out 
more when there are large numbers of ink dots. In this case, quantity of each 
ink may be calculated using a so-called linear programming method, taking 
quantities for all inks into consideration when establishing conditions such as 
the aforementioned ink duty limits and substitution ink quantities. A method 

15 of calculating color separation ink quantity on a hue-by-hue basis and 
reassigning ink quantities so derived to a plurality of inks of substantially 
identical hue but different densities would also be acceptable. In this case as 
well, it is preferable to establish ink duty limits that take into consideration 
quantities of all inks, and to ensure that final ink quantities of the inks meet 

20 the ink duty limits. 

[0311] In the preceding Examples, "ink quantity" refers to tone value of each 
ink representing a range of 0% -100% (where ink quantity for reproducing a 
solid area is 100%), which is output from a color conversion lookup table. 
Where a plurality of types of ink of substantially identical hue but different 

25 densities are useable, color separation can be accomplished by making the 
total value of colorant of lighter and darker inks having the same hue 
correspond to "ink quantity." By assigning "ink quantities" derived thusly to 
lighter and darker inks, appropriate color can be reproduced. 
[0312] F2. Variation 2: 

30 The present invention is applicable also to thermal transfer printers 

or drum scan printers. The invention may be implemented not only in so- 
called ink jet printers, but more generally in printing devices that reproduce 
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color by means of mixing inks of several colors. Such printing devices include, 
for example, fax machines and copy machines. 
[0313] G3. Variation 3: 

Various values can be used as a lightness parameter value. In the 
5 Examples of color separation processes shown in Figs. 10(a)- 10(b) and Figs. 
26(a)-26(b), provisional color separation ink quantity of spot color ink is used 
as a lightness parameter value. In these Examples, there is determined a 
provisional color separation ink quantity set such that input color and 
reproduction color match, and reproduction color is reproduced under the 

10 condition of minimized total ink quantity. In the Examples of the final color 
separation ink quantity set calculation processes shown in Figs. 16(a)- 16(b) 
and Figs. 28(a)-28(b), maximum ink quantity of spot color ink is used as a 
lightness parameter value. This maximum ink quantity represents the 
maximum value of ink quantity determined from the reproduction color 

15 associated with an input color, and is the maximum value of quantity of spot 
color ink among combinations of ink quantities that reproduce color 
substantially identical to that of the provisional color separation ink quantity 
set for reproducing reproduction color. Generally, any value that represents 
ink quantity of spot color ink determined from input color or reproduction color 

20 according to a predetermined condition can be used as a lightness parameter 
value. Lightness parameter values are not limited to those representing ink 
quantity of spot color ink, but could instead be values correlated with lightness 
of reproduction color. For example, lightness of reproduction color associated 
with input color, as in the Examples of the final color separation ink quantity 

25 set calculation processes shown in Figs. 18, 20, and 29, can be used as a 
lightness parameter value. 

[0314] Within the range of a lightness parameter value, the brightest range 
wherein spot color ink quantity is adjusted to zero will preferably constitute 
the brightest range of 5% or less, preferably the brightest range of 10% or less, 
30 and most preferably the brightest range of 15% or less, where the range of 
possible values for the lightness parameter value is 0% (bright) to 100% (dark). 
[0315] F4. Variation 4: 
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In the preceding Examples, there were described cases in which spot 
color ink quantity is determined on the basis of residual ink quantity; however, 
it could instead by determined on the basis of a parameter having correlation 
with reproduction color hue. In this case, when hue is relatively close to a spot 
5 color ink, ink quantities are determined such that the usage rate of the spot 
color ink is relatively high, or when hue is relatively close to a chromatic 
primary color ink, ink quantities are determined such that the usage rate of 
the spot color ink is relatively low. By so doing, graininess can be improved 
appropriately depending on hue, and ink savings can be attained. Various 

10 values can be used as parameters having correlation with reproduction color 
hue. For example, in the primary color space depicted in Figs. 13(a)- 13(c), 
where the straight line connecting the origin W and point K is termed the 
achromatic color line and a vertical projection of a particular point in the 
primary color space onto the achromatic color line is termed the projected point, 

15 the direction from the projected point to the particular point in the primary 
color space can be used as a parameter value having correlation to hue. 
[0316] F5. Variation 5: 

In the preceding Examples, some arrangements realized through 
hardware could instead by realized by software, and conversely some 

20 arrangements realized through software could instead by realized by hardware. 
For example, it would be possible for some functions of printer driver 96 (Fig. 1) 
to be executed instead by the control circuit 40 (Fig. 3) inside the printer 20. 
[0317] While the present invention has been shown and described in detail 
hereinabove, the descriptions are merely exemplary, and should not be 

25 construed as limiting the technical scope of the invention, which is limited only 
by the appended Claims. 
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